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PHILOSOPHICAL TEANSACTIONS. 


I. A» Exjieriincntal .'DeiO'mmatmb nftlie Veloeity of Soimd. 

By E. J. Stonid, Astronomer Moyal at the Oqw of Good Hoyje. 

llcceivocl A,\iguat lit, — Ilottcl November 28, 187J.. 


A o-ALVANio current passes from tlie batteries at tb(^ Iloyal Observatory, Cape of Good 
Hope, at 1 o’clock, Capo mean time. This current discharges a gun at the Castle, and 
tlu’ougb, relnys (1roj).s a time-ball at Port Bliwibeth. 

].t app('arc'(l to me that a valuable detcriuination of the velocity of sound might be 
obtained by ineasuiiiig u]»()j) Ihc! ehi'ouograph of the Obwu'vatory the time between the 
sound jKjachiijg some point n(‘!i.r tin' gun. ajid that of its arrival aftho Observatory. 1 
thought al-so that it would Ix^ a [joint ol; interest to check, within the limits of our 
changes of temperature, the variations in the velocity of sound ns dcjjeiKlciit upon tem- 
perature, and to obtain some tost of the applicability of the coeHicient of t'xpiuisiou of 
dry air, as detoniiiiK'.d in. cabinet oxpe.i-iinents, to the mixturt.^ of air and >valcr whicli 
would be th(.'. medium of the propngutiou of sound in our cxjjeriiueiits. 

There is only a .single ^vive hetw(‘('u tlu'. Observatory and Cn.])e ’J.^own ; some little 
difficulty Avas therefore ex|)(irieu(x’,(l in making the ii(^c(\s.siiry ari'angeiiUMits, Avithoiit any 
interference with the 1 o’clock current to Port J'llizubetli. 1 have a(l()])ted the following 
plan, which was brought into auccjcjssful operation on. '] 87.1, hVbvuary 27. It would, 
ho we von, have been cp.ute impossible for me to have bad these ox]>eri.mcnts made, without 
an encroachment upon the tinio of the Ob.scrvatory staff which could not have been 
sanctioned, had it not been for the assistance of J. Picx, Es(j., the acting manager of the 
Cape T(;legraph Company. I am indebted to Mr. Hniv for the preparation of a good 
earth near the gun, for the assistance of one of the gentlemen attached to the telegraph 
office, Mr. Kirby, who has made all the observations at the Cape-Town end, and for a 
general superintendence of the arrangements in Cape Town. Mr. Kirby stands at a 
distance of 641 feet from the gun, near an earth whose connexion with the single main 
wire is broken at a tapping-piece which Mr. Kirby, at the time of the experiments, holds 
in his hand. A small battery is arranged at the Observatory with one pole to earth 
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through the chronograph coil, and the other connected with the Ga])e-T()Wii wnrt^ through 
a tapping-piece similar to that used by Mr. Kibby. At 1 o’clock the observer at the 
Observatory (Mr. Mann) connects the local battery with the main line : this current is 
arranged so that it merely assists the main time-ball eurrent. Mr. Mann holds down his 
tapping-piece until three seconds after 1 o’clock, and thus affords a connexion through 
the chronograph coils to register Mr. Kibby’s signal. When the current has passed the 
telegraph office in Cape Town, the connexion is broken at that office. Mr. Kibby’s 
distance from the gun has been arranged so as to allow of this hoing done hciforc the 
sound reaches his station. The lino after the breaking of iho connexion at Cape Town 
is complete except at Mr. Kibby’s tapping-piece. Whon the sound roaches Mr. Kibby’b 
station he completes the circuit, and his observation, is registered on the: Observatory 
chronograph. Mr. Kibby then holds down his tapping-picce tor half a minute, to make 
earth for the observer at the Observatory station. The connexion at the Observatory 
station is broken, as before stated, at three seconds after 1 o’clock. ”Whcn the sound 
reaches the Observatory, about 1S"'2 after Mr, Kibby’b observation, the Observatory 
tapping-piecc is again connected, and the time of the soinrd rc^aching this station record(?d 
on the chronograph. Time-signals are then sent to chock the loss of time of gun-fire, 
hut not us Ix'firlng on th('. d('ienuiual.ion of the velocity of sound, the results for which 
are (prih' iiidepc'jidmit of any loss of Hmo at the gun, or of any errors of rate except that 
of tlic chront.)graph b(d,\V(‘en siaionds of the transit-clock and of the tT‘ansit-(;lock for 
about T'i". 

The observations have been made on iiU the days since F(d)viiary 27 u])on wliicli 
Kibby’s services were a.vaihiblc without any interference with his regubir dntitis. 'l.'lui 
observations will be found in Table I. 


The results have been corrected for the effects of the motion of the air upon the dif- 
ference in time between the sound reaching Mi*. Ivjb.uv’s station and its reaching the 
Observatory, with velocities of the wind found from a set of JioBi is son’s cups. 

To reduce the equations of condition to a linear form corrections have been applied 
for the second and third terms of the expansion of v^l+aD, where a is the coefficiimt 
of the elasticity of air under a constant volume for a degree Pahhenjibit of tiimperaturc, 


and 0 is the excess of the temperature at the time of the experiment above 32^^. The 
observed differences have also been diminished by — 0«-09 for the effects of personal 
equation between Mr. Mann and Mr. Kibby under the circumstances of these obser- 
vations. 

This personal equation has been found as follows : — gun was fired at such a distance 
from the Observatory that the sound was heard with about the same degree of distinct- 
ness as the ordinary time-hall gun at the Castle. This was at a distance of 1483 feet 
firom tfie Observatory, Mr. Kibby was placed at a distance of 162 feet from the gun, 
Troin previous determinations of the velocity of sound, or from the first approximate 
result of the present experiments, we can compute with great accuracy the difference in 
time, at, the temperature of the air at the time of observation, of the sound reaching 
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Mr. Kirby near the gun and Mr. Mann at the Observatory. The computed ditFerence 
was 1“T77 ; but the observed difference, with the same observers and with the same 
tapping-pieces as those used in the principal experiments, was 1®*265 : this was the 
result from twelve accordant observations. The difference 0®‘09 has been applied to all 
the observed results. 

This correction depends more upon want of sensibility in picking up and recognizing 
faint sounds, than upon mere habit of making contacts. When the observers were 
reversed and Mr. Kirby stationed at the Observatory and Mr. Mann near the gun, the 
observed difference appeared still too large, but in this case by 0“*20. It is clear that 
such personal equations are not eliminated by an interchange of observers nor by return 
signals. 

The equations of condition appear in Table II. The times given are those observed 
corrected for the motion of the air, the second and third terms of the effects of tempe- 
rature above 32°, and for personal equations. In those equations 

14808*5 feet etas i -j i j ono 

— — ^ y= velocity of sound at 32 , 

The solution of these equations gives 

V=1000*() feet per second, 
a=r0'0019. 

UEaNAUr/r’s value of a is 0-0()20. 

The agreement betwei'u tlu? vsdui* of a deduced from these experiments and Hkonauly’s 
value is so close that the difference between these values would scarc(dy 1)0 appreciable 
within the limits of variation of temperature in our experiments. Tlic whole of the 
results have been given equal weights. It has not appciared necessary to attempt any 
discrimination between the results in tbe present paper, llicre appears, indeed, but 
little difference between the residuals as dependent upon the corrections for the motion 
of air. I have grouped the residuals into two (dasses according to tlic dfiui])ii(\s.s of tho 
air; but tlicro appears no diff(.‘r(‘n.c(; in the velocity, as depoiuhml, npcm dampiK'ss, }i[)])iv- 
ciable within tboi limits of tUose ('xp(B:iments, citber wIkmi, nderrc'd to ((iusioii or .humidity. 
Tlic mean rcisidual for eacli group lU'avly vanishes. Tin.', whole of tlu' uKiasuvoiuents of 
the distances involvtjd liave been made by Mr, Mann. Tin*. obsJTvatiojis of (be regular 
scries from J?'ebruary 27 have been made by Mr. Kiruy at tbe ( b-pc-Town (ind, ncjar tin* 
gun, and by Mr. Mann at tbe Observatory. Tin'. ari'angLMiumts for llui experiments, 
galvanic and otherwise, the determination of the personal equations, and the discussion 
of tlie results have been made by myself. 
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Table I. — Experiments ibr tlic Dctcrmiruitiou of (lu^ V(^lo<jity oi Sound. 





ThormomokTH. 


No of 
]Sxpt. 


Date. 

Ery. 

Wot. 

Baroiiielcr. 

1. 

IH71. 

Feb. 27 

80*4 

GG-6 

ill. 

30*03G 

3, 

F<ib. 28 

77*G 

GO‘8 

29-!)H{) 

»!♦ 

M.ir. 1 

G<)-0 

GM 

30*222 

4. 

Mar. 2 

70*4 

G3'() 

30*1 93 

5. 

Mar. 3 

88*1 

G(>*7 

.30*000 

G. 

Mar. 4 

7rv3 

G7-4 

30-0G7 

7. 

lUar. 6 

71*G 

Gl-H 

30*152 

H. 

Mar. 7 

82*1 

Gr>'2 

30*084 

. 9. 

Mar. 0 

74*4 

G7*.^> 

,30*1 30 

10. 

Mar. 23 

G<)-() 

.'>7*3 

30*104 

11. 

Mar, 24 

7M,) 

Gl-0 

30*220 

12. 

Mar. 27...... 

82*1 

04*5 

29-9G4 

13. 

Mar. 30 

58-9 

52*‘l 

30*128 

14. 

Mar. 31 

Grr7 


30*2HG 

13. 

April 1 

April 4...... 

April 5...... 

70*3 

(;3*7 

30*17G 

IG. 

74*7 

03*3 

20*0520 

17. 

GH‘0 

G3-r» 

29*088 

1 18. 

April () 

G9-0 

G2'{) 

,30*218 

! 10. 

1 

\pril n 

8 OH) 

Gn*-! 

,30*150 

: 20. 


\jiril 12 

: 77'0 

' liG-l 

30* MG ; 

1 i>] 


Vpril l;} 

■ 7I-4 

. C:'.-; 

:’.o*o.vo 


. 

\pnl 1,“» 

: 70-.1 

' (iirs 

1 ,30*2 IG ' 

' 23, 


Vpril 17 

; G't’L 

1 G()-l 

■ 30*0(i0 

24. 


\piil 2,1 

' 

■ .1.1*1 

: 3«l*074 

1. V 

<1 > 


Viail 27 

/ (i l'O 

, .">8*0 

30*3:{(; 

1 

; 2G. 

■ 

Vpril 2.S 

, G2*a 

^ l.rG 


i 27. 

■ 

Vpvil 29 

.■ GT-B 

1 r>.i’3 

; 3o-2(;2 

: 28. 


M ii Y 1 

83*0 

! GO’8 

. ,30*0.5G 

: 20. 

1 

Miiy G 

G.l'O 

■ GO-3 

; ,30*037 

30. 

' 31. 

1 

1 

l\Iav 8 

. G2-3 

: 10*1 

'■ 30*028 

1 

May 0 

; (;2-G 

‘ 10*1 

j 29*0 43 

.32. 


May 12 

.! GG-4 

■ .")8',0 

i 3()*00G 

, 33. 


Mfjy iG 

.■ (;i-2 

,")9-3 

: 20*924 

; .34. 


May 20 

Gl-2 

r).5*2 

I .30* 1.31) 

3;>» 


■Mav 23 .... 

08*2 

1 

1 30*128 

. 36. 


.Juno 6 .... 

r>.v6 

: ,10*4 

. 30*0,50 

•i- 

. 

1 

.Funo 9 .... 

.,i Gi-7 

■ .lG-1 

; 30*176 

: 38. 


June 2G .... 

.')3-4 

\ .')l-2 

I 

i 30*270 


Wind. 



Diir. (•(M- 




f Vii’j'ci'l i(»ti 




Olwei’vi'd 

I'oi- 

Din'e- 

VM'louii.y, 

dill’. 

1 ( 11 * niiilinn 

nnaioii 

(ion, 

in nuIuH 


ef air. 

(•raif. 

A/,. 

poF 




... 1 

luDIF. 




188 

7 

1 

i:mo 

S* 

-0*01 

13*00 

15H 

0 

13*3^! 

-0*00 

13*23 

173 

25 

13*53 

-O-M 

13*39 

177 

la 

13*22 

■■ 0*0« 

13*14 

32G 

4 

J2*HK 

4-0*05 

12*03 

IHG 

10 

13*20 

(PO*!. 

13*25 

173 

32 

13-4G 

-...04 7 

13*29 

1G3 

0 

13*05 

0*08 

112-07 

.315 

9 

12*81 

-1 0*13 

12*94 

171 

12 

13-2G 

^ 0*08 

13*18 

27*'» 

7 

13*15 

.p0*l2 

13*27 

315 

.5 

12*0'> 

-f 0*07 

13*02 

213 

10 

13’lG 

■ l-O’OG 

13*22 

27*3 

5 

13*32 

*p0*00 

13*41 

IHO 

18 

13-3G 

- 0*07 

13*2!) 

32H 

7 

12*84 

•po*oo 

12*93 

302 

30 

13*02 

-j-O’lG 

13*18 

• 281 

\) 

13*13 

-f 0*lG 

13*21) 

1 52 

0 

13* 10 

• 0*10 

13*09 

' 1.5 m 

: 14 

■ i.3*.:7 

; . 0*14 

13*13 

'• 1G7 

i 1 5 

; 1 .3*38 

i 0-1 1 

13*27 

; 0 

1 

12*87 

' 0-00 

12*87 

; :i 1 8 

I ;» 


'■ i 0*08 

13*52 

; 121 

' ;i 

1 

! 13*l'l 

t 0-05 

13*37 

! 270 

1 2 

i 1 3’ 1 9 

; 1 0*03 

13*22 

* .315 

! 9 

! 12*82 

: 4 0*1.3 

12*95 : 

! l .58 

i 0 

i 13-13 

' ■■ O-OO 

13-3-1 

' 282 

: 1 1 

I 12-02 

: -!-0*l!) 

1 3* 1 1 

■ 313 

: 2 

1 i:i'G4 

-)-0-02 

■; 13*(iG 

■ *■<■'! 

1 * ' “ '■ 

i 0 

'■ 13-22 

■ -i-.0']3 

1 3-35 

: ,357 

i 8 

i l.’MO 

■■ 4.0*04 

1 1 

: 13*23 

'■ 270 

1 1 1 

i 13*09 

1 -!-0*19 

! 13*28 

i 321 

7 

i 1 2*03 

! H-0'10 

1 3*0.5 

■; 313 

; () 

1 

: i3*i() 

4-0*05 

! i:{*2i 

' 3 1 .5 

■ 4 

1 

: 1,3*24 

j -h0*0G 

13*30 

! 204 

i ^4 

; 12*00 

; 4 0*23 

’■ 13-22 

1 304 

i 11 

! 13-1 T) 

i -i-0*18 

■ 13*33 

> 197 

i 15 

i 13*50 

1 

; -!-0*()2 

: 13-.52 


R(‘si(' 
tnnnp 
— ( 
Horv 


. 0 * 
()■ 

-O' 

0 

.-M) 
- » 
«— 0 
+ 0' 
■10 
+ 0 
0 
4- C 
+ 0 

.-0 

"1“ 0 
+ 0 

c 

c 

c 

r 

■I- c 

t^jw. 


. -i- 

■ 4' 

I 

■ 
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Uabmi n. — E([\iations of Ccniditioii. 


1. 



4B-4 }/ 

— 

is-oo 

o 


— 

4.5*0 ?/ 


13*10 

3. 


— 

37*0 1/ 

= 

13*27 

4. 

? 

— 

47*4// 

— 

].'H)1 

r». 


— 

.KM 1/ 

~ 

12*78 

6. 

*’ 

— 

43*3 1/ 

— 

13*12 

7. 


— 

.30 0// 


13*17 

8. 

uT 


,5()*1 1/ 

“ 

12*83 

0. 

a* 

— 

12*4 1/ 

rr 

12*82 

30. 


— 

37*0 1/ 

ir:: 

13*0(i 

11. 

a 

— 

30*0 // 

ss 

13*15 

12, 

a 


50*1 tf 

nr 

12*hS 

13. 

a 

— 

20*0 // 

==: 

1,3*12 

14. 

d 

— 

33*7 V 


1 3*30 

IT). 


— 

3S*2// 

sn 

1,3*17 

IG. 

.V 


42*7 // 

m: 

12*80 

17. 


— 

30*0 V 

nn 

13*00 

18. 



37 0// 

nr: 

13*17 

1‘). 

iV 


48*0 // 

m 

12*00 

20. 

i 


45 OV 

m: 

1,3*00 

21. 

*r 

*_ 

30*i.V 

m 

13*15 

22. 

JO 


.‘IH*,") // 


12*75 

23. 

JC 


32*1// 

nr 

1,3*41 

34. 

iV 

- 

20*4// 


1,3*27 

25. 

.V 


33*0 y 

m 

13*11 

2(). 



30*5 y 


12*84 

27. 



35*8// 


1,1*22 

28. 

tr 


51*0 y 


12*07 

20. 



,33*0// 

cn. 

1.3*,55 

30. 

»r 


30*3 // 

nr 

13 24 

31. 

rV 


.30*0 y 


13*12 

32. 


«• 

31*4)/ 

rr 

13*17 

33, 

.r 


20*2// 

m 

12*04 

34. 

r 

- 

20*2 y 

rr; 

13*10 

35. 

r 

- 

3{;*2V 

rr 

13*18 

3(). 

r 

— 

2;h;// 

rr 

13*12 

37. 

V 

— 

20-7 // 

rr 

13‘22 

38. 

r 

— 

21*4// 


13*42 


¥mm whirli find .t*=:= I r>'57.S and .y-.r0’0129. 
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0 is the iiositioii of tlio obsorvor at tlio Observatory* 
E is the position of tlio ohsorver near tho gnu G. 

E indicates the dirootion of tho gmi. 

N, N point north. 

aOr=15440feot; G IC««040-5 foot. 

Angle 0 GK=:3G° 48' ^ G 0 N=70^ a'. 
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II. Magnetic Survey of the East of France in 1869. By the Bev. Stephen J. Perry. 

Communicated hy ike President. 

Rocoivcd July 13, — Itoad Novombor 23, 1871. 


Magnetic Survey of the Fast of France^ 1869. 

This survey, which occupied a considerable portion of the months of August and Sep- 
tember 1869, is a continuation of the series of observations made in the west of 
France during the preceding year. The instruments used were the same on both occa- 
sions, the only changes made for the second expedition being (1”) the substitution of a' 
theodolite by Jones in lieu of Cooke’s transit-theodolite, which was slightly too heavy 
for carrying in the hand, and (2") the procuring, through the kindness of X)r, Stewart, a 
second tripod stand similar to our own, whicli rcndcired tho scries of observations with 
two observeu’s much more rapid than on the previous occasion. The observations were 
undertaken, as before, by the Kov. W. Sino reaves and myself, the Vibrations and Deflec- 
tions falling to his shaix;, and the Declination and Ohronometer comparisons remaining 
in my hands, whilst the Dip was in general obscrv(^d by both, I’ho method of reduc- 
tion is almost identical with that adopted for tho observations taken in the west of 
France. 

The geographical positions of the different stations have been calculated, as far as 
possible, from the data given in the ‘ Connaissanco cles Temps,’ but where this could not 
bo done I have had recourse to the most reliable sources of information at my command. 
For the accurate determination of the positions of Mont Eolland (near Dole), of N. D. 
d(? Myans (near Chamhery), of Mongi*e (near Villefranche-sur-Soane), of Iseure (near 
Mouliiis), and of our station at Marseilles I am indebted to tho kindness of tho llev. 
N. liARCii'ER, S. J., Membro de la Socidtd Metoorologiqnc de France. The coordinates of 
Vaugirard w(;ve readily obtained from a good map of Paris, and for Issenheim and 
Monaco I Iiave to do])(!nd on (Ja.s.8ini’s ‘Carh* Geiiei'ale de la hb'O.nce’ and on Pjnur’.s 
‘ Imperial Atlas.’ T’be Imperial Obs(;rvatory at Paris is chosen as the natural po.sitionfor 
the origin of coordinates, in li(ni of our central station of obser^'a,tion at Vaugirard, 
which lies on the outskirts of tlic city; the resulting mean values will thus require no 
correction, and will be inxmediately comparable with those of most other obsei-vevs. 
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Table I. 


Statlou. 

Latitude. 

Longitude. 

Dillbrenco i 

Latitude. 

D.si-i- O’: ii". 

0 / .// 

48 50 1 1 

in s 

0 0 

- 02 

V ;i.i 

48 50 2-5 

- 0 lO-l 

iliioiius 

49 15 15 

+ 6 47 

+ 29 

Metz 

49 7 14 

+16 22 

■+ 20 

Straeburg 

48 34 57 

+21 40 

~ 18 

IsBonhoiin 

48 0 32 

+ 19 49 

- 57 

Mont Holland 

47 8 30 

+ 12 34 

-117 

DOlo 

47 5 aa 

+ 12 38 

-120 

Dijon 

47 19 10 

+ 10 48 

-105 

Lyons 

45 45 45 

+ 9 57 

-212 

Avignon 

43 57 13 

+• 9 sa 

-337 

Mtn’HoilloB 

43 17 55 

+12 10 

-382 

Monaco 

43 43 2 

+20 21 

-352 

Montpollior 

43 36 44 

+ 6 10 

-361 

Grenoble 

46 11 12 

+13 a -1 

-252 

N. D. do Myaas 

45 30 50 

+14 36 

-230 

Mongrd 

45 59 25 

+ 9 29 

-197 

St. El ieniio 

46 26 9 

+ 8 13 

-235 

Olemiont I’cn-iuid 

45 46 46 

+ 3 0 

-211 

t *t * \ 

l',l" " ■- ■ $ » t 4^ * f M ¥ * , 

46 33 59 

+ 4 4 

-157 


SO 22 15 

+ 2 69 

+ 106 


60 43 33 

- 2 54 

+ 131 


Longiliulo. 


- 2-1 
+ 77 
+174 

+a -18 
+228 
+M8 
+MJ) 
+127 
+ 120 
+i2a 
+ 

+2f)f> 
+ 77 
44(j(> 
+177 
+114 
+ 1(10 
+ tl() 

+ 48 
-i-. »;{ 

aa 


rituH' orolworvtifion. 


(Iiinlini (ii'( 'olU'ffn. 

L’liw'O K.iiium't.. 

{!oll. 8. Ulmnt'Ul. 

!) Run (1<'H <luifH. 

(lurdcn <»i’ Culh'f^o. 

OluUcnti. 

. .. . _ 


<i2 i;. - If" 

‘.i- ■ i 

i:-.' ii-’i ■ i;' i '.li 

I”, i::.- 1;.- . 

I );■. ■■ill ■ i'.i.'.!! ■. ; 
I'iM!:, :i.-:f. 

(I.M'iliMI of Cllllf!''!-. 

( 'll! li'jjji' iS, jMil’Iu'l, 
(JoIli'fCo, 


The MafjnaUa 

The Dip i)l).sorYi.itious werii nuidiiwith three (lifterent noodles iit each station ‘with ( 
following results : — 

Table IL 





Euiubm’ of 

Station. 

•Date. 

a.M.!’. 

murmsH. 




1. 

-> 

3. i 


‘18()9, 

1) U) 



i 

Vaugiravd 

Aug. 6 

10 52 .\.M. 

36 

... 

34 



11 47 .VM. 





» 7 

8 28 .v.M. 1 

1 ■ • 

32 

■ • * 

RlieimB 

,, 10 

8 50 A.M. 1 

32 

j 

t * V 



10 8 A.M. ' 

. . . 

34 

. ■ ■ 


i 

11 10 A. .M, ! 

■ ■ ■ 

1 

38 

Metz 

,, 1-’ 

9 28 A.-M. 1 

:i2 

1 . .i 

1 » ■ i 



2 5 i’..u. j 

■ ■ - 

j 36 

■ , ^ . 



ft 44 i\M. 1 

* • « 

1 

1 « - 1 

; 32 

Straaburg 

„ U 

4 35 p.M. 1 

* R ■ 

1 ... 

; 38 


„ 16 

2 5H I'.M- 

! 36 

1 

i ... 



5 40 i‘.M. i 

4mm 

i 36 1 

... 

XsBonheim 

.. 17 

, 9 60 .t.M. I 

36 

! ... 

! ... 



11 0 a.m. i 

• • • 

: 34 

1 

1 ^ ^ ^ 



2 37 ! 

• • • 

! — 

j 32 

Mont Holland 

19 

4 14 v.M. ! 

36 

\ 

• » ■ 

1 ... 

D61b ; 

1. 19 

9 9 A.M. i 

32 


■ 


„ 20 

9 24 A.M. 

• * ■ 

32 

4 4* 



. 11 0 a.m. 

1 ■ * 

! ... 

34 

Dig on.. 

1, 21 

10 16 A.M. 

32 

1 

... 



2 66 r.M. 

• 1 • 

1 32 




4 21 P.M. 

* f r 

! ... 

! 38 

. : 

2fi 

9 3 A.M. 

34 

j .*• 

i • • • 

' ’ ( k ' i 1 ' 


9 63 A.M. 

• ■ * 

. 36 

1 



10 66 A.M. 

9 * m 

1 ... 

j 38 


, 2t 

8 30 A,M, 

36 

■ ■ ■ 

1 

1 

1 * * ■ 



0 30 A.M. 


38 

air 



11 20a.h. 



32 


No. 1. 

(sH n^i 12 


05 57 'ja 


05 :ji a; 


G-i •la 'aa 
ii-i’ aij 30 


G4 13 20 
(M If) 18 


G4 28 4 


ca 12 aa 


61 44 32 


i 


j 

i 

i 

i 


1 

! 

1 


Dip. 


■JS'y. 2. 

Q / // 

Nil. a. 

<■1 4 // 

65 49 2 


65 46 50 

i 

Q / // 

66 49 21 

65 56 31 ; 

65 20 24 

1 tW 48 15 

j 

1 

06 64 11 


65 24 29 

64 3!) 33 

06 25 30 

64 31 25 

64 28 23 

! 

1 

1 

04 30 10 


; 6-1 35 4 

04 34 a 

64 8 11 

64 20 3 

1 

1 

1 

i 64 8 35 

i 

1 

04 13 29 

63 15 1 

1 64 19 8 

i 

04 22 23 

61 37 12 

; 63 14 17 

62 3 17 

63 13 67 
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Table IT. (continued). 


nation. 

Date, 

a. M. T. 



Nu 

ro 

1. 

mlwp 

ading 

2. 

of 

•a. 

0. 

No. 1. 


18 65) 


h 

in 




0 / 

// 

Marsoillos 

Aug. 

27 

5) 

2!) A.M. 

04 

... 

4 . ■ 

61) 01 

0 



10 

28 A.M. 

• • • 

04 

4 4a 


4 4 4 




11 

28 A.M, 

* * * 

* « « 

04 


4 4 4 

Mouttco * 

V 

25) 

0 

50 A.M. 

J)4 

» * * 

4 4 4 

61 21 

47 



11 

10 A.M. 

« * » 

04 

► • 4 


ft « ft 




0 

.'{0 I'.M. 

• • 4 


08 


4 * 4 

MonlipolHor 


01 

5) 

10 A.M. 

40 



61 05 

0 



10 

5 A.M. 

• • . 




* * 4 




4 

If) IhM. 

• * • 


08 


t * • 

Oronoblo 

Sopi 

0 

10 

27 A.M. 

04 

* kk 

4 4 t 

62 57 

20 



11 

10 A.M. 

* 4 • 

04 

• 4 ■ 


k k « 




4 

28 i‘.M. 

■ • > 

• * W 

48 


k 4 4 

N. n. dll Myans 

J) 

4 

1 

50 

02 

k fe * 

4 t . 

62 55 

07 



0 

28 p.M. 


02 

• 44 


4*4 




4 

52 p.M. 

* . ♦ 

« 4 ■ 

40 


ft ft ft 

Moiigrfi 

)) 

7 

8 

5 At Alt 

46 

4 44 

* * ¥ 

OO 27 

40 


5) 

10 A.M. 

« * « 

08 

« « « 


ft ft ft 




10 58 A.M. 

t • « 

# # • 

42 


ft • ft 

mm 

» 

8 

10 

10 A.M. 

06 

» • « 

% ¥ ¥ 

60 5 

7 



11 

10 A.M. 

*44 

04 

4ft* 

1 



It 

5) 

8 

12 A.M. 

4 4 • 

• • » 

04 

J 

4 4 4 

ni 

It 

10 

10 

15 A.M. 

42 

« • « 

r ft « 

60 26 

5 


}) 

11 

8 

15 A.M. 

* « 1 

04 

ft ft ft 

»4 *44k»» 

» * 4 




5) 

10 A.M. 

• 4 4 

« « « 



♦ 4k 

’Moulliis 

11 

1 

12 

5) 

10 A.M. 

01 

4 4 « 


64 4 55 



2 

40 p.M. 

f 4 « 

02 



* * » 




4 

20 p.M. 

» 4 f 


04 


ft ft ft 

VaUKimrtl 


14 

5) 

16 A.M. 

02 


4 ft ft 

(15 54 

40 



10 

10 A.M. 

... 

06 

ft f ft 


4 * A 




11 

8 A.M. 

k 4 4 

« * « 

04 


» k* 


»f 

17 

0 f»5 A.M, 

06 

* * k 

ft ft ft 

66 46 44 



n 

35 A.Mt 

«t4 

38 

ft t • 


k k • 




12 

40 p.M, 

» ♦ » 

k » * 

02 


• k* 

JJoulogno 

It 

15) 

0 

2 p.M. 

02 

4 • » 

ft * ft 

(17 0 

5 



4 

5) p.M, 

V * • 

02 

« ft ft 


• ft ft 




5 

45 r.Wt 

t • V 


34 


kkk 


o / // 

m i8 20 


61 I.*? 21 

61 35) 25 

62 47 52 

62 47 5S 

63 30 20 

62 55) 7 

63 44 J58 

64 18 1 
66 12 0 

66 43 25) 

67 n 42 



O ^ / // 

60 07 52 


61 22 .'{ 4 
61 25) 00 

62 50 48 

62 47 5) 

63 24 57 
63 0 28 

60 02 2 
60 45 12 

65 4H 57 

66 44 7 

67 0 55 


O t Jt 

60 02 24 


01 15) 54 

01 04 05) 

02 52 1 

02 50 15 

(l:{ 27 05) 
00 1 04 

<i0 04 15 

04 2 40 

05 58 00 

66 44 47 

67 5 14 




The ohsci'Viltions furnish the following equations, which (lotenniiu^ the indiniitioii of 
the isoclinuLs to tlie prime meridian and their distance apart: — 


6-908=:^- 773)- 29^ 
r)‘-l 25=^’ -- 1 7 4- .i;— 20 y 
4’0r>n=:5-2483;+ 18y 
4.•^)07.•.•.■:.S.-228.^•^- 57;)/ 
4-225~S-l48.rhl1.7i/ 
4-17S=S-ld0r4-J20i/ 
4’878=5-127r-fl0.5i/ 
8-28a=:S-1.2()rH-2J.2y 
l-800r=§_-128r-[-337?/ 

0- 54.0=S-108r-f882y 
l*832=S~-255A‘-f;552y 

1- 578==S- 77r+3Cly 

2- 867=S-166r-f-252y 

2-838=S-177r4“230y 

0 


MDCCOLXXir. 
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3*401 =§—114 d?+197 y 
3 * 026 =^- 100 ^+ 235 ^ 

3*571=S- 36^+2112^ 

4*045=^— 48 ^+157 y 
6*746=^- 33iP-1062/ 

7*087=^+ 32^-131^. 

These equations of condition combine to form the three simultaneous equations, 

75*454= 20S- 252U+ 3057y, 

-,8544*730 = - 2521^ + 42141 3^r- 447 498y, 

6571*180= 3057S-447498ir+910595y, 


which give as the most probable values of the three unknowns 


1=^ 6*7816, 

^= 0*0028495, 
y=:- 0*0107 928. 


Thus the mean value of the Dip at the central station is 65°’781C ; whilst tho distance 
between the isoclinals that ditFcr by 30' is 44*8 miles, f being =0 *01110 ; and tho angle 
formed by the isoclinals with the meridian is -75" 14' 34", I e,, their direction is from 
N. 75" 14' 34" K to S. 75" 14' 34" W. 

The substitution of the above values of Xi, .r, aud^/ In ih(‘ f(jiiaii(»ns fjf lorms 

the Table by which w'e can determine tho most probable error in a single observation 

or in the mean. 


Table III. 



Obaorved Dip. 

Ooinpatcd Dip. 

Error. 

Rheims 

65-903 

65-876 

4 . 0*027 

Metz 

65*425 

65*502 

-0*077 

Stra-sbarff 

64*653 

64-883 

-0-230 

Tssenheim 

64*567 

64-527 

40*040 

Mfnnt Rolland 

64-225 

64*097 

‘•j-'O*! 

I)6le 

64*178 

64-062 

40*116 

r)ijon , 

64-373 

64-287 

40*086 

T^j'ons - - 

63-233 

63*152 

40-081 

Avignon 

61-806 

61-795 

40*011 

Marseilles 

60*540 

61*223 

-0-683 

Mnaaeo 

61-332 

61*256 

40*076 

Montoellier 

61*678 

61*667 

-0*089 

Grenoble 

62*867 

62*697 

40*270 

N. D. de Mvaniit... 

62*838 

62*796 

40*042 

MonffrS 

6^3-461 

63*331 

40*130 

St. Rfcienne 

63*026 

62*961 

40*065 

niermout 

. 63*671 

63*403 

40*168 

Mouliiis 

. 64*045 

63*951 

40*094 

■ 

ft6*746 

66*832 

-0*086 

' Bbulod’ne 

67*087 

67*287 

-0*200 

(j(V, ■ . . 
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We thus find that the probable errors of any single observation, or I’ather of the mean 
value at any single station, = + 0*6745 i 0*13538, whilst that of the mean 

from all the observations =±0*030274. 

The largo error at Marseilles will probably be due to the difficulty experienced in 
finding a convenient site for the observations. 

If, now, we turn to the scries of observations taken at some of the above stations by 
Dr. Lamont, and reduced to the epoch of Jan. 1st, 1868, and if we consider the epoch 
Sept. Ist, 1869 as common to all station.? of our Survey (which we arc able to do without 
sensible error), we arrive at the following Table for determining the secular variation of 
the Dip in the east of France .* — 


Table IV. 


Stafcioj!. 



I'! *. 

I.j 

IdiV. 1 )i;i. 

r: ! • 

1 1 1, 

1 1 . '.Ni'.!. 

Clmiiont 

04*203 

63*, 571 

n| 

-0*631 

- 6*054 

(53*607 

Dijon 

04*917 

OEtlT.*! 


— 0*544 

-0*047 

64*409 



0i‘(i7r) 

0O*.54O 

« 

-1*135 

-0*097 

00-.576 

j ^|l.l:l:ju‘!li^‘l■ ... 

03*3, '55 

01 *578 

19 

-0*077 

-0*058 

01*614 

1 Mdiiliu’! 


04*04,5 

99 

-0*678 

-0*058 

()4*081 

Earia 

60*443 

65*833 

91 

-0*019 

-0*053 

05*859 



Mean (omittiiif; Marwillos) 

i -■.0*054 



Comparing this mean annual chango with -~0°’045, the rate for 1858 as dodut'.ed by 
Lamont, we find the decrease to be accelerated annually by —()''*0()()82, which agrees 
closely with the acceleration for the period from 1780 to 1830, which General Bajukk 
gives as —O* 000 85. 

In our pnu'ions discussion of the scries of obsewiilion''' ta1f(m in 1868 in the wc^st of 
France, tlui deduced yearly rale of dl;c^‘e:ls(^ in iln* Dip was Ibuiid u» be 0*0(52 ; tJjo Dip 
■syoukl (hendbre s(^em to be d(‘,cveasiug rather more rapidly in the wfjst tluui in tlu* east 
of I 'Vance. 

In tlio U'able of tin’: Dij) observations it will be noticed tlmt <it a few stations the 
rc’iadings difibr very considevahly from each other; but 1 liave retained them all in 
forming the equations of condition, as I cannot sec a .snfiiciimt reason for di.scarding 
any, since the same attention as to choice of position and accuracy of observation was 
maintained throughout. When at ani’' station the readings of two of the needles agi'ce 
fairly together, but differ much from the third, this could scarcely be considered conclusive 
against tlie correctness of the third, unless all thi’oc had been observed under precisely 
similar circumstances of time and place ; since it is not impossible that an iron tube or 
other disturbing cause, of wliich we could obtain no information, had affected the two 
first needles and not the third. But to test the correctness of this view, I have solved 
the equations after omitting the most striking irregularities, viz. the three at Moulins, 

c2 
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No. '6 at Avignon, and No. 2 at Clermont, and I find tliat these arbitrary exclusions do 
not tend to improve the results. It is, however, a different case with regard to the two 
stations of Marseilles and Grenoble, where we were unable to procure very convetiient 
sites for the observations. Omitting, therefore, these two stations in our equations of 
condition, we obtain 

S=65‘7658, r=0-0108, 10' 13"'56, 

with ±;0*06650 as the probable error at any single station, the probable error of the 
mean being ±0*01544. This diminution in the probable errors would seem to warrant 
the omissions. 

Considering the limited time at our disposal we were unable in this survey of Franco 
to choose many stations at which Dr. Lamont had previously observed ; but this want of 
identity of locality may be balanced by a comparison of the general results obtained 
from all the observations made during the two surveys. Employing precisely the sairw) 
method to reduce Lamont’s values for 1868 as has been used above, we arrive at the 
following results - 

Taplb V. 


Epoob. 

Di]) at 

UihU or {hooUikiIh 

of iHoolinalfl 

Ktunboi* of 

Cmtral Btatiou. 

(lilVoifing by 

N.K. of tnoruliau. 

) 

Jan. 1, 1858, W 

eUm 

inili'H, 

i // 

70 25 

16 ^ 

Jan. 1, 1858, E 

Sept 1, 186*8, W. 

66*4640 

44*44 

72 44 OO 

15 ’•*, 

65*8796 

40*84 

7 a 02 50 

16 

Sept. 1, 1 869 , E 

65*7B16 

44*80 

75 14 U 

20 


AYe thus obtain 0°*0703 as tluj annual variation of the Dip in the west of trance, 

whilst in the east it only varies annually 0*0585; and the isoclinals appear to be 

1 

receding much more rapidly from the meridians in the west than in the (^ast. 


We next proceed to discuss the observations for determining the lines of equal 
intensity. 
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Table VI. 


— 

Station* 

Date. 

a. M. T. 

Temp. 

Time of ono 
vibratiiou. 

Log mX. 




li m 




Vaugirard 

Aug. 

6 

2 37 P.M. 

69-7 

5*164666 

0*29102 




2 41 

69-3 

,5*165396 

0*29087 




2 45 

69-1 

5*165825 

0*29081 

Rheiins 

59 

10 

7 3 P.M. 

59*6 

5*165342 

0*28975 




7 8 

59-7 

5*165250 

0*28976 




7 12 

59-3 

5*166158 

0*28976 

Metz 

95 

12 

12 25 P.M. 

63*0 

5*141960 

0*29391 




12 29 

64-3 

5*141916 

0*29401 




12 33 

64*1 

6*141875 

0*29399 

Strasburg 

)3 

14 

4 55 P.M. 

70*0 

5*084250 

0*30438 




5 0 

68*8 

.5*084588 

. 0*30423 




5 4 

67-6 

5*084825 

0*30411 

Issenheim 

9J 

17 

2 4 P.M. 

6.5*0 

5*06998 

0*30653 




2 8 

65*2 

5*06990 

0*30656 




2 12 

6.5*4 

6*06971 

0*30660 

Mont Rolland 


19 

2 13 P.M. 

64*3 

5*03573 

0-.31227 




2 18 

64*4 

6*0:1646 

0*31216 




2 22 

64*5 

5*03730 

0*31202 

Dflle 

J5 

20 

8 2 A.M. 

60*4 

6*03900 

0*31069 




8 6 

61*2 

6*03903 

0*31152 




8 10 

62*0 

6*03928 

0*31152 

Dijon 

55 

21 

2 35 i*.M. 

77.7 

5*06046 

0*30823 




2 39 

77*6 

6*06044 

0*30822 




2 44 

77-^i 

5*06030 

0*30841 

Lyons 

51 

2;i 

2 25 P.M. 

77 <> 

4*97629 

0*32367 


, 


2 29 

77-0 

4*97302 

0*.32367 




2 33 

76*5 

4*97473 

0*32369 

Avignon 

! 

n 

25 

1 1 J 3 A.M* 

80*2 

4*87966 

0*34096 




11 34 

81*3 

4*88105 

0*34036 

Marseilles 

55 

27 

2 60 P.M. 

79-8 

4*82787 

0*34982 




3 14 

79'7 

4*82736 

0*34991 

Monaco 

55 

29 

10 48 A.M« 

80*6 

4*86301 

0*34360 




10 52 

80*6 

4*86277 

0*34364 




10 56 

80*7 

4*86264 

0*34367 

Montpellier 

51 

B1 

3 43 P.M. 

79*7 

4*87120 

0*34219 




3 47 

80*3 

4*871952 

0*34210 




3 ,51 

80*9 

4*87266 

0*34201 

Grenoble 

Sept. 

3 

2 36 P.M. 

76*3 

4*982880 

0*32211 




2 58 

74*6 

4*981167 

0*32228 




3 2 

74*6 

4*9808/5 

0*32233 I 




3 6 

74*2 

4*981 720 

0*32216 1 

N. D. do Myans 

55 

4 

3 27 P.M. 

69*9 

4*954608 

0*32663 ■ 

Mongv 6 

55 

7 

10 27 A.M. 

71*6 

4*994708 

0-31984 

St. Etienne 

55 

8 

5 32 P.M. 

70*5 

4*964876 

0*32483 




5 .35 

69*3 

4*964740 

0*32478 




6 40 

68*0 

4*964521 

0*32473 

Clermont 

55 

10 

4 53 P.M. 

66*1 

4*9944.58 

0*31931 




5 12 

62*4 

4*995460 

0*31896 

Moulins 

55 

12 

11 26 A M. 

70*0 

6*036300 

0*31238 




11 44 

69*7 

i 6*035200 

0*31256 




11 47 

69*7 

5*034379 

0*31270 




11 52 

69*7 

5*033360 

0*31287 

Vaugirard 

55 

15 

6 0 P.M. 

63*8 

5*167092 

0*28974 




6 52 

1 64*0 

6*167641 

0*28967 




6 56 

1 63*9 

6*167288 

0*28982 

Douay.... 


17 

9 27 A.M. 

62*5 

5*245416 

0*27660 




9 31 

62*5 

6*246062 

0*27666 

i 



9 36 

62*4 

6*244708 

0*27671 

Boulogne 

55 

19 

5 23 P.M. 

68*9 

6*272550 

0*27192 




5 43 

67*7 

5*272808 

0*27180 




5 47 

57*4 

5*272748 

0*27178 




5 52 

67*0 

5*272768 

0*27176 
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THB liEV. BTEPHEK J. PERBY ON THE M:-AGNTH’TC 


The following observations of Deflection at 1 foot and 1*8 foot servo an tho (K)iU'' 
plement of the above Table of vibrations, and furnish us with tho Horizontal (^oinpoinnit 
of the Earth’s Magnetic Intensity. 


Table VI. (bis). 


Station. 

Dato. 

a. M. T. 

T<»mp. 

Dist, of 
ninguotH. 

OliBOPvod 

tloHi'oHon. 

Vaugirard 

Aug. 

6 

h 

4 

m 

B 1>.M. 

67-4 

1*0 

O 

13 

/ 

11 

// 

84 



4 

17 

68*3 

1*3 

5 

5B 

5 

Rheims 

>3 

10 

6 

1 P.M. 

60'3 

1*3 

5 

58 

9 

Metz 



6 

14 

sys 

1*0 

13 

IS 

0 


IS 

3 

33 i*.M. 

70*0 

1*0 

13 

3 

S9 




3 

49 

70*3 

1*3 

5 

54 

44 




6 

39 

54*4 

1*0 

13 

(5 

33 

Strasburg 

n 

14 

5 

10 P.M. 

G6*B 

1*0 

IS 

46 

54 

Issenbeim 



5 

31 

65*9 

1*3 

6 

47 

9 

ji 

17 

3 

41 P.M. 

C4*4 

1*0 

IS 

43 

31 




3 

f)6 

G4-3 

1*3 

5 

45 

41 

!\Tont Rolland 

li 

19 

3 

40 P.M. 

64*1 

1*0 

IS 

3S 

SH 

D61e 



3 

51 

63*.5 

1*3 

r> 

40 

55 

V 

SO 

9 

53 A.M. 

()4*H 

1*0 

IS 

34 

5 

Dijon 



10 

4 

(55*1 

1*3 

f) 

41 

35 

M 

SI 

.‘5 

59 P.M. 

7(5*4 

I'O 

IS 

37 

1 

Lyons 



4 

13 

7(;‘7 

1*3 

B 

4S 

4.3 

19 

SH 

3 

50 P.M. 

73*4 

1*0 

IS 

n 

30 

1 

i Avignon 

f ^ 



4 

1 

73‘7 

1*3 

5 

31 

S4 


sn 

B 

9 P.M. 

8M) 

1*0 

11 

4S 

10 

1 

Marseilles 



B 

19 

H0*7 

1*3 

5 

IH 

ss 


27 

4 

33 P.M, 

7(5*5 

1*0 

1 1 

SK 

IH 

Monaco 



4 

44 

7(5*4 

1*3 

5 

11 

5S 

1* 

S9 

2 

37 P.M. 

7h*i 

10 

1 1 

3(,1 

47 

■Moiitpcllicv 1 



3 

50 

77*9 

1*3 

r. 

15 

55 


:ji 

6 

.*1 P.M. 

7(5*4 

1*0 

a 

40 

55 

Grenoble • 

1 



5 

15 

7()‘3 

1*3 

5 

17 

51 



3 

53 P.M. 

73‘6 

1*0 

IS 

14 

1 

N. D. de Myans 

?« 

4 

4 

4 

5 

l6 1«.M, 

73*4 

69*0 

1*3 

1*0 

5 

13 

3S 

5 

15 

3(5 

Mongrd 



4 

47 

1 68*6 

1*3 

5 

S8 

SS 

3T 

7 

11 

14 A.,M, 

i 69*3 

1*0 

IS 

17 

9 

St Etienne 

39 

8 

11 

3 

34 

38 P.M, 

69'8 

73-4 

1*3 

1*0 

B 

IS 

33 

H 

4(5 

15 

Clermont 

)■> 

11 

i 4 
7 

8 

68 

73-3 

6S*5 

1*3 

I’O 

5 

IS 

SO 

SO 

57 

17 

MouUns 


13 

8 

S 

B 

85 P.M. 

63*8 

65-6 

1*3 

1*0 

5 

IS 

35 

31 

3 

7 

Vaugirard 

») 

14 

s 

s 

47 

18 P.M. 

65*6 

69-9 

1*3 

1*0 

6 

13 

40 

IS 

7 

53 

Douay 


17 

s 

37 

69*6 

1*3 

5 

58 

6S 


10 

36 A.M. 

64*0 

1*0 

13 

36 

14 

Bonlogne , 


SO 

10 

9 

46 

3 A.M, 

65*1 

58*7 

1*3 

1*0 

6 

13 

9 

47 

10 

34 

. 



9 

36 

59*0 

1*3 

6 

14 

18 








combined ynih those of the Din 

Inten9it5^;,;.'®h< 

of the deii^el^h^ inaenet at each station. 
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observations, wo deduce the 
and of the Total Magnetic 

moment 
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Table VII. 


Station. 

1C.F. 

V.R 

T. F. 

m. 

Vaugirard 

4-1232 

9*1840 

10*0672 

0*47388 

Rheirns 

4-1198 

9*2113 

100907 

0*47304 

Metz 

4-1570 

9*0904 

9-9958 

0*47342 

Stfasburg 

4-2531 

8*9782 

9*9346 

0*47375 

l-^senheitu 

4-2743 

8*9883 

9*9528 

0*47393 

Mont Rolland 

4-3325 

8‘9719 

9*9632 

0*47361 

Dale 

4*3231 

8*934i 

9-9251 

0*47365 

Diion ; 

4-2974 

8-9586 

9*9361 

0*47339 

Lyons..,. 

4-4488 

8-8196 

9*8780 

0*47364 

Avignon 

4-6254 

8-6282 

9*7897 

0*47371 

MarstiiUes 

4-7238 

8-3629 

9*6048 

0*47378 

Monaco 

4-6602 

8*5233 

9*7142 

0*47341 

Montpellier 

4-6389 

8-5713 

9*7461 

0-47391 

Grofioblo 

4-4348 

8-6554 

9*7252 

0*47358 

TSft* D. do Myans 

4-4847 

8-7403 

9*8236 

0*47304 

'Mongr6,„ 

4-4143 

8*8385 

9*8796 

•0*47314 

St. Etienne 

4-4641 

8*7711 

9*8417 

0*47321 

Clermont ............... 

4-4044 

8-8613 

9*8956 

0*47343 

MouUns 

4-3387 

8-9136 

9*9134 

0*47346 

Vangirard 

4-1132 

9-1619 

10*0429 

0*47377 

Douay .............. 

3*9964 

9*3003 

10*1226 

0*47315 

Boulogne 

3-9491 

9*3428 

10*1431 

0*47362 



Those values of IC, F., combmed with the second members of our previous set of equa- 
tions, whicJ'i remain luichangcKl, will give us the equations of condition for determining 
the lines of equal Ilorizoxital Intensity. Ileducing these ciquations by the method of 
least squares, we obtain : — 

27‘3408t=:20 /i--2521 ^+3057 y, 
-3560‘9763==-252i;i+421413^~447498y, 
4782-1935=3057^^447498a;+910596^,‘ 

.% /i=:H.r.~-3=l*1269, 


0-000317, 

0*001316. 

Hence 0-00135, or the lines whose IT. F. diU’ers by 0-1 arc 73*7 miles apart; and 
— 76° 27^ IG'^-f), or the direction of the linos is N. 70° 27^ lG^'-6 E, to S. 70° 27^ HV^-5 AV. 
A substitution of these values in our original equations will enable us to form a Tabic 
of the computed’ Horizontal Force for each station. 
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THE EEV. BTEITON J. PEBliT (W THE MAdlNETlO 

Table VITI. 


Station. 

Oonipukwl ir. F. 

Obmn-ved 3L .F. 


Paris 

4-1259 

4*1182 

.-0*0067 

Kheims 

4-1121 

4*1198 

+ 0*0077 

Motz 

4*1548 

4-1570 

+ 0-0022 

Strasburg 

4-2282 

4-2531 

+ 0*0249 

Isscnheiin 

4*2732 

4-2743 

+ 0-0011 

Mont RoUand 

4*3268 

4-3325 

+ 0-0057 

D6Ie 

4-3310 

4*3231 

■*-0-0079 

Dijon 

4-3044 

4*2974 

.*.. 0*0070 

Lyons 

4*4429 

4*4488 

+ 0*0059 

Avignon 

4-6084 

4-6254 

+ 0-0170 

Marsoillos 

4-6771 

4*7238 

-f. 0-0467 

Monaco 

4*6699 

4-6602 

-0-0097 

Montptillii'c 

4-6254 

4-6.389 

+ 0*0135 

Gi'cnoblo 

4*5101 

4-4348 

- 0-0753 

N. D. de Myans 

4*4847 

4-4847 

0-0000 

Mongr6 

4-4213 

4*4143 

-0-0070 

St. Etienne 

4-4669 

4*4641 

-0-0028 

Clermont 

4-4150 

4*4044 

-0-0106 

Mold ins 

4-3477 

4*3387 

*.0-0090 

Diiiiav 

3-9969 

3-99(54 

*.0-000,5 

lionioiVK- 

.3-9434 

3*9491 

+ 0-0057 


Exolndin^' Paris, \vl)ic‘.li (loess oxitor as a station into om* (ujuations of condition, w(* 
obtain (dr tli(^ ]n-ol)iJ.bl(^ (mm-ot o(.“ tb(^ moan valuu of the observed JL. F. at any single 
station 


0-C745 j-o-():i r,:i 3 , 


whilst the ciTor of the computed talvu' for tln^ ccnitral station will -hO-OlKbiS. 

It remains for us to dcxluce the secular variation of tb(‘ Jlorizonial Foi'c-e^ iVom the 
obscu’vatious tak(m at tlioso stations which are cotumon to tlu?. two surveys of ISOs imd 
1869. 


Table IK,. 


Station. 

II. P., Jan. 1, 
1858. 

E. P., S('pl. 1 , 
1800. 

Diir. of ICpocb. 

of 11, F. 

Yearly rain of 
jjniit'two. 

It. R, Jmi. 1 , 
IWIO. 

Clermont 

4-3523 

4-4044 

lljj. 

+ 0*0521 

+ •00447 

. . 1 ,1.*..^ '.rfn .r*. . ..4 .«.>i 

4-4013 

Dijon 

4*2385 

4-2974 


+ 0*0589 

+ -00505 

4*2943 

Marseilles 

4-6332 

4-7238 


+O-O9O6 

+ -00777 

4*7207 

Montpellier 

4-6788 

4*6389 


+ 0-0601 

+ ‘00516 

4*6368 

Moulius 

4-2871 

4*3387 


+ 0-0516 j 

+ *00442 

4*3356 

Paris 

4-0685 

4*1182 

>7 

+ 0-0497 I 

+ -00426 

4-1161 



, Mean (omitting Mar.soille.s) 

+•00467 

1 



The yearly rate deduced from the obseryations of 1858 and 1868 in the west of France 
was -h0v00507 hence the nrate of increase appears to be slower in the east than hi the 
west, whilst the mean rate for the whole of France is identical with that given by 
Dr. Lamoh! for 1868, the yearly acceleration being less than 0*000007. 



SURV33Y 0]}-' THE EAST OE FRANCE. 
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Were we to omit the observations taken at tlie stations of Marseilles, where the site 
was quite exceptional, and of Grenoble, where the geological formation appears very 
unfavourable for deducing a correct mean value, the solution of the remaining equations 
would give us a value for r identical with that already obtained, hut would induce a very 
considerable change in the rc^sulting angle between the lines of equal intensity and the 
prime meridian. The probable errors would be greatly diminished. The several quan- 
tities would become 

4T260 for the H. T. at the central station. 

0-00136=r and 22' 35". 

Probable eiTor at any one station ±0*00654, and at the central station ±0*00154. 

I will now form a Table, similar to that for the Dip, for comparing the general results 
obtained during the two surveys of 1858 and 18G8--60. 


Table X. 


Epodl. 

II. E. at Oontml 
Station. 

1 III 

«■ ! 


. . 

Jai). 1st, 1858, W 

4*0021 

niiloH. 

G8'0 

72 40 01*7 

20 

Jan. l«t, 1858, 15. 

4*0707 

78*6 

78 49 3G-0 

22 

Hept, Irit, 1868, W 

4*1150 

71*4 

74 20 81-5 

18 

Wept. iHf, I 8 G 9 , 15 

4*1269 

74*1 

7G 27 1G*5 

20 


Wo see at once that the lines of equal Horizontal Force lie much closer in the west 
of France, but that this difterence is diminishing rapidly at present, although it still 
remains considerable. The moan angle formed by these lines with the meridian of Paris 
is only slightly different for 1868 and for 1868 and 1869, whilst the angle deduced from 
both sets of observations taken in the east is very much greater than that found for the 
west; the difference, however, is here again less for 1868-69 than for 1868. 

The secular vai’iiition for the W. ±()-0()590, and for the F. ±()’0()473, obtained from 
th(! p]’ec(!ding Idbh?, wdl with the results deduced from the few stations wliicli 

ai’o common to tin*, two siii’voys. 

Wo next (!ome to tl ui discussion of the values of the Total Force, found by combining 
tUc observathms of tbe Dip and Horizontal Force taken at each successive station. 

The -figarcs in Table VTI. enable us to form at once the required equations of con- 
dition, and these combined furnish the three equations, — 

17-8759=20 F- 2621 ^^±3657^, 

- 2167*3049= - 2521 F ± 421413 a?- 447498 y, 
2352*6148=8067F-447498^±910596y, 

whose solution give F=l-0608, a?=0-0003444, ^ 9 =— 0*0008084. 

Thus the isodynamics that differ by 0*1 are 113*8 miles apart, and they lie at an angle 
of 66 ° 65' 24" *9 to the N.E. of the geographical meridian. The intensity of the earth’s 

MDCCCLXXII. D 
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Tino HEV. STJilT’HIinNr L PEEUY ON TIITil MAONETtO 


magnetism at the central station is 10*0()08. The probable errors (uui now Ih^ dedticu'd 
by a comparison of the values computed from the above data with tbe iiitc'iisity at (^ach 
station, found by combining the observations of tlic Dip and Horizontal h orce. 

Table XL 


Station. 

From obsorved 
Dip and 11. F. 

Ooiujittlocl. 

Error. 

Ehdms 

10*0907 

10*0577 

+ 0*0330 

Metz 

9-99r»8 

10*0171 

-0*0213 

Strasburg 

9*9346 

9*9608 

- 0*0262 

Issenheim 

9*9528 

9*9362 

+ 0*0166 

Mont Rolland 

9-9632 

9*9152 

+ 0*0480 

D6le 

9*9251 

9*9125 

+ 0*0126 

Dijon 

9-9361 

9*9322 

+ 0*0039 

Lyons 

9*8780 

9-B3H1 

+ 0*0399 

Avignon 

9*7897 

9*7360 

+ 0*0537 

Marseilles 

9*6048 

9*6993 

- 0*0945 

Monaco 

9*7142 

9*6884 

+ 0*0258 

i Monnxllii!)’ 

9*7461 

9*7425 

+ 0*0036 

(iriMiijliU! 

9*7252 

9*7999 

-0*0747 

N. D. dc Myans 

9*8236 

9*8149 

+ 0*0087 

Mongr4 

9*8796 

n*H{)22 

+ 0*0174 

St. Etienne 

9*8417 

9*8364 

+ 0*0053 

(Mormont 

9*8956 

9*8778 

+ 0*0178 

Monlins 

: 9*9134 

9*9174 

0*0040 

Douav 

! 10*1226 

10*i;}51 

0*0125 

Uoulogno 

10*1431 

10*1777 

0*0346 

l^uris 

j 10*0551 

10*0608 

>■ 0*0057 


These errors, omitting that for Paris* since it is not included in our (*(|uai.ions, glvi* 
as the probable error at any single station i()'()2b;5, wliilst that Ibr tin? nnsm is 
±0'0050G. 

The stations common to tbc snrveys of 18»3S and of 1808-09 will furnish ns witU the 
data for calculating the secular changes of terrestrial inagiioti<; intensity. 


Table XII. 


Sl-fttion. 

T. F„ Jan. 1, 1858. 

a:.F.,Sopt. 1,1809. 

1 

Jlid'crpnco of tiijocIi.jnilVciviifv of'!', F. 

_ 1 

Yi'iirly I'liln nf 

Clermont 

10*0007 

9*8956 

! 

11.^ i 

-0*1051 

0*0090 

Dijou 

9-9979 

9*9361 

■ 1 

)) 

-0*0618 

-0*0053 

Marseilles ...... 

9-7649 

9*6048 


-0*1601 

-0*01.37 

Montpellier ... 

9*8355 

9-7461 


-0*0894 

i -0*0077 

Moulins 

10*0356 

■ 9*9134 


-0*1222 

1 -0*0105 

Paris 

10*1793 



-0*1242 

j -0*0106 





Mean,,..,. 

-0*00947 


The secular variation deduced from the general results of all tlie observations is con- 
siderably larger than the above, being 0-0118 for the west and 0*0119 for tlie cast of 
France. These are obtained from the subjoined Tabic. 



SUllVEr OF TJIE BAST OB BRANCE. 
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Table XIII. 


Epoch. 

IwkniHity at Contriil 

7 ^ ‘ :i n* ■ :» *i V, 1 

1- ih •■■!. :!. - I'.l.i 'i: 

(!'; ■ \ «' !■ 

of THod viKllUlCri 
iN.M. of iiiLTidiau, 

Number of stations. 

Jan, 1, 1858, W. 

10*1951 

miles. 

91*7 

63 53 40*6 

16 

Jan. 1, 1858, E.... 

10*2000 

96*9 

60 18 4.3*7 

15 

Sept, i, isGs, w. 

10*0688 

113*9 

70 .39 17*8 

13 

Sept, 1, 1869, E. 

10*0608 

113*8 

66 55 34*9 

30 


It is evident from these figures that the variations of the Dip and Horizontal Force 
combine to produce a very rapid alteration of the isodynamics, especially by increasing 
the distance between the lines. 

The largeness of the error in the Total Force at Marscnllcs and Grenoble warrants a 
recalculation of the results with the omission of these two stations. The following are 
the values obtained by this reduction : — 

T.F.=10-066n, a':^ 0-00()3253, -0-0007253, O-OOOTtir), 50' 40"-8. 

The probable errors are thus very much diminished, being now only 0*01300 fora 
single station, and for the mean 0*00308, 


The M.agmtic Ueelination. 

'rh(^ d(.diM*miniitioji of tliis magnetic (dement, which at a fixed observatory presents 
1)1 it little difiicull V, is by far the most troublesome and the least to be ndied upon when 
tlie observations lun-e to be taken in the course of a magnetic survey. For not only 
must the magnetic instruments themselves be in perfect condition, as for the other 
observations, but any unknown change of rate in the chronometer, any error in the 
determination of the sun’s position, is sufficient to introduce a serious inaccuracy in the 
results, to say nothing of the perturbations so much more frc(j[ucnt and luoixi (.‘xicusivc 
in tin’s elciiiout than in the others. 

'I’lie hVodsham chronoineti'r used during this sun'ey has given ])C'rfoct satisfaction, its 
rate having been remarkably constant during the whole joui’in^y, ov('n more so than in 
1808, This will be s(J(ai from tlui ibllowing (lomparisons : — 


Table XiV. 


Station. 

Unti', 

G-. M. o:. 

Error. 

Daily rate. 

Stonyhurst Observatory 

* 

?> 

Baris Obsmatorv 

Marseilles ()b.scrvatory 

Baris Observatory 

Stonyhurst Observatory 





July 20 

„* 21 



Aug. 7 

„ 27 

Sept. 14 

25 

Oct. 9 ...... 

» 24 

li m 8 

9 31 5*5 p.M. 

9 51 35*0 KM. 

9 57 10*0 P.M. 

10 30 A.M. 

9 43 A.M. 

1 0 P.M. 

7 16 40*5 KM. 

6 64 45*0 KM. 

7 16 16*6 KM. 

m s. 

-1-6 4*77 
+ 5 6*77 
+ 5 16*71 
+ 6 39*65 
+ 6 18*97 
-hC 54*70 
+ 7 13*30 
+ 7 34*68 
+ 7 57*37 

B 

-f2*00 
-f-2‘34 
4-1*84 
+ 1*966 
+ 1-985 
+ 1-69 
+ 1*63 
+ 1*51 


d2 
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THE im. BTEPHEN J. VIUIM ON THE MAHNETIU 


The rate appears to have been slowly diminishing trom July to Ootolx'r, aii<l to have 
suffered very little disturbance from the travelling. I was unabh^ during tlu'. jounu^y to 
make more frequent comparisons ; but altitudes of the sun were tak('u as bolove at 
station by way of check, though they were fortunately found to be nnnecessnry. 

The observations for finding the sun’s azimuth ai’c much loss trustworthy tlum in lh(' 
preceding year, owing to a change of instrument. The transit-altiaziimith of (jooKK, 
which worked so steadily in 1868, was replaced, on account of its li(Miviiu‘SH, by a. tloiu's 
theodolite, which, though much more portable, had the great disadvantages of b(ung Car 
less steady, and thus interfering very considerably with the accairacy of tlu^ r<wull;s. 

In all the observations taken during this survey with the decimation needle, the* sc’uh* 
of the collimator magnet was inverted twice at each station, so as to render nnn<HU‘ssary 
any other determination of the zero of the scale, which might accidentally b(^ sbglitly 
altered whilst travelling. 

In the following Table the first readings of the azimuth of the fixejd mark \ym\ taktni 
throughout on the theodolite circle, and the second readings on the eirdo of the nuifilan 


Station. 

Dnto. 

ChronotiKitoi'. 



li ni H 

niiHms 

Aug. 10 

9 14 8*1 A.M. 

Aldz 

,. 12 

8 38 84-3 A.M. 

1 

iSlranliur'^ 

14 

2 35 2C'0 VM. 

.Tssciilioini 

ff ATS 

„ 17 

0 18 51-8 A.,M. 

; 

., lo' 

0 40 8‘,‘i A.M. 

Dijoii i 

*>1' 
J! - * 1 

1 

1) .11 21-2 A.M. 

Avifpion 1 

II 2;li 

1 

8 86 6-0 A.sc. 

illAI-SOtl.’C’S 

1 

07' 

' ■ 1 

1 1 SO .58-8 A..\(. 

Monaco ; 

2!) 

0 0 57-0 A.M. 

1 

Monl]>cllier 

81 

8 35 28-1 A..M. 

Grenoble 

Sepl. .‘i 

0 54 42-8 A.M. 

1 

X. D. rloMynns... 

4 

i 1'30 3 I-!)i-.m. 

Mongro 

» 7 

.8 35 32-0 A.M. 

1 

St. Elienno 

« 8 

9 6 12'S A.M. 

dormont 

„ 10 

8 5] 30*2 A.M. 

MotOins..., 

M 12 

8 36 4-0 A.st. 

Paris , 

„ 14 

9 10 36-8 AM. 

Douajf 

,, 17 

ll 58 28*9 A.M. 

Boulogne' 

„ 19 

3 45 247 P.K. 


Tablk XV. 


nt 

luxm.d.M'.T. 

Dnily 

mt('. 

AitimuMu) 

rsuii. 

Ul H 

H-5 46-70 

H 

“i~l*!)7 

160 

5^ 

'it 

49*64 


02 

18 

46 

+5 63-57 

17 

165 

39 

46 

+5 60-48 

M 

70 

48 

80 

+6 8-42 

71 

1.56 

82 

15 

+0 7-;J6 

11 

25 

18 

0 

-fG 15-28 

>» 

00 

21 

45 

-(-« 11>*1« 

H-1-.W 

140 

57 

0 

+0 2,8-10 

)> 

28 

21 

0 

-1-6 27-04 


7-t 

:i5 

40 

+0 32 05 

»> 

8 

16 

45 

+6 31-92 


140 

8 

0 

+6 40-83 

11 

21 

22 

46 

+6 42-80 

1* 

62 

53 

16 

+6 46-74 

11 

53 

1 

65 

+6 60-68 

»1 

64 

4 

0 

+6 64-62 

1) 

171 

30 

16 

+7 0-66 

ff 

152 

27 

20 

+7 4-62 

If 

177 

12 

26 


vVzlnmlli ul' 

ttiiiH;. 


au 48 Ifi 
UH .1 ff 
my 10 15 
ltd 18 10 
u\ ;)H 0 
17S 48 0 
54 24 0 
fll 80 10 
170 0 

15-1 0 55 
l.'U! 25 0 
178 4! 4.“) 
.’>(> S ;|() 

108 :u; ;;() 
i;i2 25 1:1 
100 54 (I 
1.50 17 15 
127 45 25 
02 :(0 1^5 
l;i0 4 .15 
01 21 ;!H 

158 ;I7 7 
158 17 15 
105 ,'I4 15 
70 55 .‘JO 
108 2.5 10 
170 l;j 1.5 
207 42 20 
100 81 80 
140 53 5 
no 50 45 
148 15 25 
m 42 0 

265 !) 40 
160 14 45 
256 46 26 

48 61 45 

266 19 10 


A/.iliiuth ol' 

IHH" 5*/' 1 
1 10 87 50 
126 26 88 
93 48 21 
106 12 8 
08 0 46 
127 It 58 
100 51 t 

227 5 1 27 
161 12 24 
180 8 64 
122 18 5 
UWJ 4.5 .‘5!t 
107 51 18 
131 45 25 
146 2 26 
122 ;kj 14 

228 56 0 
131 45 8 
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To complete the above, \vc liave to calculate tlie azimuth of the sun at the time of 
each observation, which gives us the south point for the several stations. These south 
points together with the observed angles will then at once furnish the Declinations. 


Table XVL 


Stolion. 

Aziiiuitb of Sun. 

VVt'Hti Dtidinatitni. 

Rheims 

,5H ai .-iO-0 

n / // 

16 37 4’0 

Metz 

(it; 3 34-1 

15 53 15*1 

Strasburg 

61 r)4 43‘3 

15 28 23*7 

Issenhdui 

52 25 20*(> 

15 41 11-3 

l)61c 

48 24 2()‘8 

15 58 .33*8 

Dijon 

46 52 35*0 

16 30 10*0 

Avignon 

66 21 15-3 

15 56 7*2 

Marseilles 

2 1 58*8 

15 34 45*3 

Monaco 

56 29 55*8 

14 24 38*8 

MontpeUlor 

65 28 20*7 

16 25 liO'T 

(rrenoble 

40 18 20-5 

15 41 40-5 

N. D. <le Myans 

39 56 14*4 

15 3 45-6 

MongrC 

60 49 3-4 

16 40 34*4 

St. Etienne 

52 16 26-4 

14 47 33-4 

Clermont 

57 42 27*4 

16 20 29*9 

Moulins 

69 65 r)0‘5 

IG 22 4*5 

Paris 

50 43 42’6 

17 8 23*6 

Douay 

3 9 41*9 

17 52 13*1 

1 lioiilogne 

: 64 48 22*8 

18 6 16*8 


This Table supplies the data from which the three following (5(|uationfl are dcduecnl ; — 

37-651 =18D -- 225 2728 y, 

-3727-005= -2253 D+385100ir^404742y, 

4120-753= 2728D-404742^+851962y, 

whose solution gives D= 3-4493, a’=0*0079430, y=— 0-0024348. 

Therefore the declination at the contiral station is 17”* 449 3, the distance betweem the 
isogonic.^ of phase's avIiosc' dejclinations differ by 30' is ()0-2 miles, and tlu^ angle formed 
by tln-^ isogonics with tin', geographic meridian 17*^ 2 ' 30"'5 to thcj N.E. 

'Ihe 'Jliblo of (.'rroi.‘s will show the weight to be given to the various observations. 



Taiu^m XVII. 


Station. 

Obsorvccl Doolinttlion. 

tlominikid J ktcliiidl in 


llheims 

i6'618 

n 

10-908 

•• 0-290 

Metz 

1.W1 

lO'llO 

-0-245 

Strasburg 

15-47:} 

15-4:15 

4 o-o:iH 

Issenheim 

15-C87 

15-499 

“j* 0*1 HH 

Dole 

15-<)76 

15-974 

+ 0*002 

Dijon 

Avignon 

10-503 

HMH4 

q-o-:5i9 

15 9:15 

15-G5SJ 

0-28:1 

Marseilles 

15-579 

15-404 

4 0-175 

Monaco 

14-411 

14-,5(;7 

-.0-156 

Montpellier 

l6-4:}2 

15-958 

•f 0-474 

Grenoble 

15*695 

15-518 

+ 0-177 

N. D. de Myans 

l.')-0C7 

l,5-5«:i 

-0*510 

MotigrS 

lG-826 

10*0{l4 

^ 0-702 

Si:. r.!.it!i.!ii' 

14-79:1 

10-483 

-1-090 

C.'lirni(i!:i 

i()*;i42 

l(»-()49 

— 0*307 

Mottlins 

10*368 

IO-OhO 

' 0-318 

Douay 

17*870 

17*445 


Boulogne 

18-105 

18-022 


Paris 

17-140 

17*449 

^ o*y()o 


The largeness of these errors is mainly, I think, dvio. to tlu'. mister, uUnesH of the .lemt's 
altazimuth, which had been substituted, on account of its lightiu^ss, hi lieu of the Ouoke 
transit-altazimuth used during the survey of the west, '.rias iiurortuiiuiely tlimb 
iiisbes greatly tlio value of the results, and makes them Hcarcely eomparabb! u'ilh those 
obtained for the west of Trance. Tln^ probable erroi- Ibr a mnglc slation is fonml to bo 
i{)‘.3r)88-l, and for the moan I-O'OtSfod. Oiuitiing tlie two worst results, viz, tlmse 
for Mongrd and iSt. Etienne, wo obtain 

I)=3-49S!), .r=:()-()083402 y=:- 0-0021920, v=()-008{;;;, r)7"-2 ; 


with probable errors of ±0*21389 and ±0*0534:7. 

The results, if we may judge of them by the amount of the probabhr ej ror, will be. 
still more improved if, besides casting out the two worst results, n-c e.orrec.t each indi- 


vidual observation for the disturbance occurring at the time in this magnetic eli'iinait. 
The correction to be applied may be obtained from moasiiremeuts of t1i<^ Stonyhurst 
photographic curves, as explained in my former pajicv on the Survey of Avest of 
Trance. The almost identical occurrence of these disturbances in nciglibouring countries, 
with regard, at least, to the element under discussion, is now so well established as to 
render unnecessary any justification of the appliance of such a mode of correction ; but, 
unfortunately for its present efficacy, no disturbance happened during any of the obser- 
vations that will enable me to smooth YQxy considerably the observed inequalities, 
Trom the solution of the equations formed with the coiTected. observations we obtain 

D=;3'4767, i*?=0*0082848, — 0*0021781, f=:0*00867, wss;14® 43^ 48^^'6, 

with probable errors of ±0*19745 and ±0*04936. 

We will how pass on to the consideration of the secular vai*iation of the Decimation. 
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Tablm XVIII. 


Stotion. 

(Tan. 1, 18.^8. 

Doclinnl’.ion, 
Sopt. 1 , 18(>'j. 

OiH'nronno 
of JOpiKsli. 

J)il!or(ni(i(iof 

.OooHinvtiou. 

Yorti-l^’’ into 
of olmngo. 

.Doiilinatiou, 
.Tan. 1, 1800. 

Clormont 

18-r)68 


Ill 

-2-236 

-0-191 

16*460 

Dijon 

17-933 

in-.Toa 

79 

- 1-429 

-0-132 

16-G12 

MarseiUos ...... 

17‘0(»8 

1.5-579 

n 

- 1-489 

-0-128 

15-691 

IVfoulins ......... 


1(]-;{G8 

)> 

~ 2-2B5 

-0*196 

16-487 

Paris 

39*605 

17-140 

79 

— 2-465 

-0-211 

17-260 





Moan ...... 

-0*1696 


■ - 

, , „ , 

.. .. 



- 

■ - ** 

- — 


This result is somewhat lar^^’cr thu,u that found for the west of Fi’auce, which was 
— 0°*153S ; and the gveattn* difference betwocm the results obtained from the observations 
at the several stations makes the result loss trustworthy. 

I will next preceded to collect in a single Table the chief results connected with the 
laogonics of the surveys of 1<S58 and ISdS-CD. 


Table XIX. 


Ei)n(ilu 

.htHdinalion nti 
Oontml StfiUon. 

ol* 

* ■ 

iiy 0' ■ 

Anglo of lH()goni(!H 

Nmnluiy of 
obw'rmtioiiH. 

Juti. 1, 1858 W 

lO'Gnoo 

niiliw. 

50-4. 

S2 18 34*9 

18 

Jan. 1, 1858 IC 

1 9*6056 

46*0 

16 67 16*9 

17 

Sc‘|»t. 1, 1H68 W 

17*949H 

44*2 

31 41 0-9 

16 

Sept 1, 1869 E 

17*4496 

60-.2 j 

M <..n (K ....Ai.M.w* 1 ' 

17 30 

! 

IB 


This gives as the secular decrease of the Decimation in 
the west and cast 0*1583 and 0*1848 respectively, which arc 
somewhat in excess of the values found from the few stations 
coiimiou to hotli the surveys. 

l'h() seeulai' diiniuiitioii of the Dip and Declination, and 
the incr(‘asc of l;h(^ lloi-izontal Force, in both the east and 
Avost of J'l’ancci, so chMirly indicate) the actual position of tJie 
Xorth magnetic pole, together with its motion round the 
extremity of the eai:th’.s ;i.xis of rotation, that wc are led to 
examine whether this same motion of the pole jnay not also 
account, at least in part, for the diffci-cnces observable in 
the results obtained from the cast and west surveys. 

In the annexed diagram lot F represent the gcograpliical 
pole, W and E the t'wo portions of the country surveyed, 
and jo' the ])o.sitiona of tho magnetic polo corresponding 
to the epoobs 1858 and 1869. 

If A stands for the magnetic latitude, ami ^ for the Dip, 
we shall have tan^=:2 tan A; and consequently the change 
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of position of the polo from p lo p' should cause a gro.itor vavi.itiou in tlio Dip 51 { AN 
than at E, AV being nearer than E to the inagm'tic On the otlu'i luuitl, siiuf' 

the line j>|/ is inclined at a gicatcr angle to the mciidian K E tli5iu to AV P, tl)(' eh«nig(' 
of Declination dne to the motion from ]) to ^ should be? loss lapid 55i W than til I'h 
AV'ith regard to the Intensity of the earth’s magnetic foic(‘, the laws of disliibution tiie 
too complex and iireguLir to wairant any certain conclusion in .i parti(‘uln (as(‘, unless 
the conditions of local magnetism lire taken fully into account. Oompaiiug thc’si* con- 
clusions with the results deiivcd from the observations discussed in this pajx'r, wv liiul 51 
perfect agieemcnt in the case of the Dip and Declination, 5ind the observations of the 
Horizontal Force tend to show that greater nearness to the poh‘ is eombiue<l with 
inci eased rate of variation in this clement. 

Turning, now, our attention from the consideration of the ditfeieuee hetw{‘(‘n tin' two 
sets of values of the magnetic elements to examine the sc'cuhir ehuugt's in the curves of 
equal Dip, Declination, and Intensity, we do not cxjx'ct to find a V(*ry close iignunmnit 
between theory and observation. The distiibution of the Isoclinals and fsogonies, and 
still more that of the Isodynamics, is so iriegular, that such a slight dhterenee of position 
as the east and west of France would probably have flc5ii*ccly 5uiy appunsit (‘ffeet upon the 
resulting values, any small inequality being at h'ast partijilly veiled by accidental (‘rrois 
from locality or observations. 8till, Ixowover, as tin' IsocHiuiIn and Jsodynamies are 
api>roxim5itoly at right angles to the mtigneiic meiidians, we may Ix' jiislilit^d in the 
assumption that, as the pole’s path pp’ a()])roatijes paialhdism to W H, (h(‘ differenet’ 
of angle in cast and west for both sets of lines will beoom(‘ mucli 1 (‘hk marked, limns 
again, we find that the results of the ohseivations laktai in h'lanci' iigin^e wdl i\ith tin* 
assumption made. The Isogonics pri'scnt 51 precisidy similar coincidence, as might be 
expected from their position in relation to the xiole’s actual path. 

Since, moreover, ^ is more nearly parallel with the Isogonics than witli the Isoclinnls 
and Isedynamics, there is a greater fixity in the mean angle ior the whole of Franco in 
the case of the former linos than in that of the latter. 

^ Lastly, the Isoclinals and Isodynamics are spreading out more quickly in the west 
than in the east, and there exists at proaont very little difference in the thiokiH'SS of 
these lines in the two portions of the country, both of which conclusions would natu- 
rally follow, from the fact that the polo is becoming more and more nearly ctiuidistant 
from the east and west of France. The exceptional case of the Isogonics, which are 
spreading out in the east and drawing closer in the west, evidently arises mainly from 
inaccuracy of observation. 


A general Table may now be formed of all the magnetic elements, reduced to the 
epoch Jan, 1, 1869, for the stations in the east of France. 
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Taklk XX. 

Diji. DcoUruiUon, 


Avignon ... 61*841 1§*046 4*62S4 9*7927 

Boulogne 67*126 18*227 3*9458 10*1511 

Ciormont 6.3*607 16*460 4*4013 9*9010 

Dijon 64*409 16*612 4*2943 9*9418 

64*213 16*084 4*3201 9*9307 

Douay 66*785 17*991 3*9931 10*1801 

Grenoble.., 62*903 15*822 4*4317 9*7293 

Issenhcim 64*601 15*794 4*2714 9*9585 

Lyons 63*268 4*4454 9*8826 

Marseilles 60*576 1.5*691 4*7207 9*6092 

Metz 65*4.58 15*976 4*1541 10*0012 

Monaco 61*368 14*. 524 4*6571 9*7189 

Mongr6 63*498 16*942 4*4111 9*8853 

Montpellier 61*614 16*545 4*6358 9*7612 

Mont Holland ,, 64*260 4*3295 9*9692 

Moulins 64*081 lC*487 4*3356 9*9190 

N. D. deMyatiH,, 62*875 15*182 4*4816 9*8293 

Paris 66*869 17*260 4*1151 10*06l8 

Uhoims 65*936 4*1170 10*0967 

St. Etienne 63*063 14*910 4*4609 9*8472 

Strasbivrg 64*687 35*578 4*2602 9*9405 


In forming this Table the observed values have invariably been used, no correction 
or omission, howevoa* much it might tend to smooth down inequalities, being judged 
admissible. Should any such corrected elements be required, they can readily be 
obtained from the data furnislicd by the paper. A similar Table of uncorrected results 
given in the report of the Survey of the west comxdetes the list of magnetic elements 
for the whole of France. 

A comiiarison of the errors in the various elements with the geological character of 
the soil at the several stations of the survey seems to afford no indication of any decided 
disturbance duo to igneous or other formations. The (in'o.rs appc'ar ratlier to arise from 
accidental cansos, sucli sis unknowu mas.scs of ii’on in the vicinity of the station of obser- 
vation, impovl’cetion of instruuH’iits, See.; 1 have tlicrcfore omitted the geological Table. 

bleitliei* do I think it luxiessary to join to this x)ax)cv ina]).s of the Isoclinals, Isogonics, 
and Isodynamics, as those Cor tlio w(ist of France sufficiently indicate tlie general lie of 
the lines. 


It may not x>erhaj)s be thought superfluous if I add. to this rc[)ort, in the form of an 
Ajiiicndix, the observations and equations of conditions which have been deduced from 
LamoinVs data, in order to compai’e the survey of 1858 with that discussed in the pre- 
ceding pages. 

It will also be well to remark that some of the results given in this paper for the 
west of Franco differ a little from those already publislied. This arises from the obser- 
vations having In^on reduced afresh by a .slightly different and more accurate method, 
similar in every respect to that used for the east of France, and in the discussion of all 
•Lamont’s observations. 

Before* concluduig this paper I must express the great obligations I am under to the 

MDCCCLXXII. B 



26 


Tina EEV. STEPHEN J. I’EEEY ON TllK MAdNKTK! 


Eov. J. Hawett, 8.J., without whose assistanoo iu rcduoiiig aud verifying tho results I 
should have been forced to delay the presentation of those piigos for ii very eonsidorahlo 
time. 

Appendix. 

In order to determine with greater exactness the secular variations of th(5 IsocliualH, 
. Isodynamics, and Isogonics, the values for 1858 have been calcubdpd from I.amont’h 
data by the same process as that adopted for the survey ot 1808 and ItSOO. Ilie data 
taken from Dr. Lamont’s ‘ tJntersiichungcn iiber die Itichtung und >Starke des lCr<lmug- 
netismus ' are contained in the following Table. 


Table XXL 


station. 

Latitude. 

Longitudo. 

Dip- 


rt { ti 

m B 


Agen 

44 12 48 

6 63 

63 21*6 

Ami^^-ns 

49 53 24 

0 4 


Angers 

47 28 2 

11 37 

66 55*9 

AngoulSine 

45 38 34 

8 4.5 

64 39*1 

Arras 

50 16 47 

1 46 

67 23*2 

liayonno 

43 29 12 

IS 19 

G3 6*8 

lioltorfc 

47 37 37 

18 1 


liordeiiux 

44 50 13 

11 27 

64 6*8 

Jirioude 

46 18 0 

4 12 

63 44*3 

Cdtta ..A. 

43 24 36 

5 24 


Pi', r.i rr V 

46 48 14 

2 31 

66 '(i*y 

< M 1 . : . 1 

45 46 22 

3 0 

64 12*^ 

Comuiercy 

48 45 54 

13 1 


Dijon 

47 19 53 

10 46 

64 55*0 

Diinkirlc j 

5 1 1 33 

0 5 

67 60*3 

l'L]i{'rnav ; 

4!) 2 52 

6 27 

66 36*6 

Ktampes 1 

48 26 8 

0 41 

06 16*0 

l.amotlio i 

44 37 21 

1 n i.>LP 

1 •! 

63 67*1 

I.a Jloclie Clialiiis ......j 

45 9 39 

9 25 


La t(jsUi de lluoh j 

44 38 11 

13 57 

63 69*8 

Lo Mans 

47 59 34 

8 39 

66 18*0 

Lc Puy 1 

45 2 46 

6 12 



1 45 50 3 

4 21 




Marseilles 

1 43 17 45 

1 12 J5 

fil 40*5 

Mcaux 

j 48 57 2 

1 2 il 

(i6 24*2 

Mont fie Marsou 

j 43 53 18 

! 11 19 

63 19*0 

Montclimart 

1 44 33 18 

1 9 36 

62 63-3 

Montpellier 

i 43 36 44 

1 G 10 

62 15*3 

Mouliiis sur Allior 

1 46 34 24 

' :« 56 

64 43*4 

Nancy 

4.S 41 17 

15 .19 


Nantes 

47 12 24 

15 35 

65 65*0 

Narbonno 

4,3.11 8 

2 38 

62 6*4 

Orange 

44 8 42 

1 9 62 

62 36*0 

Orleans 

47 54 9 

i 1 42 

j 65 .52*6 

Paris 

48 50 13 

: fl 0 

j 66 2{)*5 

I'eriguenx 

45 10 32 

i G 29 


Pcr]iignan 

42 42 9 

2 15 

: 61 47*8 

Poitiers 

40 34 31 

7 58 

1 65 8*3 

Sarrebourg 

48 43 57 

18 .53 

1 

Toulouse 

43 30 33 

‘ 3 35 

62 46*1 

Tournon 

45 3 57 

■ 10 1 

63 18*2 

Tours 

47 23 5 

6 36 

66 44*3 



47 37 3 

16 14 





II. p. 


S-04<)1 

1*8^77 

P9113 

l* 8 i 2 ()l 

a*0G91 

i-yn-is 

y*oayi 

5i'U73 

i*9r.'^7 

a!*00<l8 

M)0'14 

1- H7yo 
3*8880 
g*oa;jr> 
2’00C4 
S'Oiiias 
1*8903 
2*0473 
1*9870 
2*1 303 
1*8705 
2*0557 

2- 0750 
2-U la 
1*1)758 
1*8‘)85 
1*901)0 
2*1184 
2*01)31 
1*9«79 
1*8759 
2*0149 
2-i:)57 
l*y.523 
1-8989 
S*086l 
2*0643 
1*9192 
1*9496 


Dotilinaliou. 


ly 15*1 
ly 50*3 
20 10*3 

19 50*2 

ly 57‘8 

17 11*7 

20 0*2 

18 21*9 
17 7*9 
ly 22*0 

IH 34*1 

17 05*9 
20 o*(i 


19 46*3 

20 8*9 
20 26*7 

19 23*8 
17 4*1 
19 10*4 

19 40*8 
17 36*6 

IB 39*2 

17 45*6 

20 57*8 

18 1*1 
17 27*7 
19 25*4 
19 36*3 
19 26*6 
17 59‘2 
19 56*4 

17 14*6 

18 46*0 
17 40*9 

19 64*4 
17 28*8 


The Horizontal Force is expressed above in tho French units of the millimcitre, the 
milligram, and the second of mean solar time. Its value is found from tho formula 
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‘TV^sint^’ laoment of inertia of the magnet, is eqnal to 

jg+^g ^5 I)eing distances. Hence, in order to transform the values 

of H. F. so that they may be expressed in the English units of a foot, a grain, and a 
second, we have only to multiply by the square root of the factor of mass, and to divide 
by the square root of the factor of distance, whose quotient is 2*1688. Eifccting this 
transformation, and choosing for our coordinates the meridian of Paris, and a perpen- 
dicular to that meridian, the origin of coordinates being the Imperial Observatory, we 
obtain the equations of condition for d(5termining the lines of equal Dip, Declination, 
and Intensity. As the second members of the equations are the same for the different 
elements, I will include in a single Table the first members of each set of equations, 
followed by the second members for the several stations. 
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I. DuRuva tlioir oomprolionHivti study of the Fossil Corals of the Palaeozoic rooks, 
MM. MiiiNK-F'DWAuu.s and Iui.ks Halmk were impressed with the necessity of founding 
the great section of the Madroporaria called the Eugosa ; they established the section 
in 1850*, and confirmed its differentiation in 18G0f . The characters of the Kugosa wore 
then decided to be as follows : — “ In this division, which comprehends simple as well as 
compound corals, the septal structures never form six distinct systems . . . and appear to 
be referable to four primitive elements. Sometimes this arrangement is evidenced by 
the great development of four principal septa, or by the existence of a corresponding 
number of depressions which are seen at the bottom of the calicular fossa and which 
give a crucial appearance to it. In other instances one depression or one large septum 
exists so as to interrupt the perfection of the septal star* Occasionally no groupings or 
systems can be distinguished ; and the septa are represented by striutions which rise up 
on the upper surface of the*, tabuki, or by (jndothccal vesicles which may be observed on 
the inner side of the wall. T'hc corallitos are always distinct and separate from each 
other, for they are never united by an independent camonchyma. The wall is usually 
feebly developed. The visceral chamber is usually occupied by a series of tabulae, or by 
vesicular' endotheca, which often constitutes the bulk of the corallum. The septa, 
although often incomplete, are never porous or spongy, and they are rarely granular, 
and never have syiiapticula) attached to their laminte. The individual corallites multiply 
by gemmation, and do not undergo fissiparous division. The reproductive buds usually 


* Monograpli of tho liritisli J'^ossU. Oorob. London, 1850, Palfioonlographical Society, 
t Histoiro Katurollo dcs Conilliairos. Paris, 1860. 
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grow upon the calice of the parent, whose growth they arrest, and thus a supc'vpositiou 
of generations is induced. In some genera the gemmation is lateral.” 

This section of the Madreporaria necessarily included a great number of geneva ; and 
as they all could be readily distinguished from those of the other great sections, the. new 
arrangement was adopted by palseontologists. 

It was all the more acceptable because the predominant idea of the gcudogists of those 
days was favoured by the assertion of the existence of any deliidte groups of organisins 
which were characteristic of and peculiar to certain geological formations, '.riie Paho- 
ozoic series of rocks was supposed to contain the fossil remains of a fauna and flora 
which became extinct before the deposition of the Triassic scdimoiits took places, and a. 
great break in the continuity of life on the eai*th was believed to have happened. Ilveiy 
generalization which appeared to favour such hypotheses was usually accc'.pttsd as commit 
without being subjected to searching criticism ; and consequently the foundation of the 
section Rugosa, in contradistinction to those of the Aporosa and Perforata, was Hupposed 
to necessitate the inference that the Palaeozoic Madreporaria differcnl most easc^ntially 
from the Neozoic. 

Tims the distinguished author of ‘Siluria’ writes; — One of the moat important of tlu^sc 
discoveries, resulting from the labours of Professor Milnk-EdWjMIDS, and his coadjutor, 
M. JtJLBS Haime, appears to be, that the majority, if not all, of the corals <){ tho tSiluriati 
system, and iudeed of the whole Palaeozoic era, Ixdong to divisiouH of tlu^ coral Iriht* 
unknown in modem seas : with rare exceptions, those groups became extinct; at tlui (doH(i 
of the Palaeozoic epoch. If this be established, and the largo crip- and star-iiorals 
(Zoantharia rugosa) and the massive Millcporcs (Z. tahulata) be, as a whole, distinct 
in structure from the star-corals and Madrepores of the Secondary and Ti-rtiary rocks 
and of existing coral-reefs, we gain a new fact in tho history of iinininl lile nj)on l;lie 
globe, which is in harmony with results obtained by the study of the Crustacea, Mol- 
lusca, and Pish of the older epochs” (‘ Silnria.,’ 4th edition, 1807, p. 217). Moreover, 
in a note to page 220 of the same work, the restriction of the non-rugose corals to the 
Mesozoic and Cainozoic periods is iuferj-od. 

Although the Zoantharia tahulata arc as numerous in the exi«ting coral-faunas as 
they were in the Palaeozoic (and some of the genera are closely alluxl), (:lie ])ri;simied. 
fact of the restriction of the Rugosa to the Palaeozoic formations tempted insmy to come 
to the erroneous conclusion respecting the break in the continuity of coral lif(j at tho 
end of the Permian age. 

The characteristic nature of the Palceozoic coral-fauna was, moreover, strengthened in 
the minds of some by the able manner in which MM. Mii-NE-EDWAims and luucs llADfifl 
by^threw the old classification of the corals of the Mnscholkalk and St. Cassian strata 
of the! Trias, and proved that they were not of Palajozoic genera. Strongtljencxl by the 
opi^dhs^oif jnany geologists respecting tlie limitation of life, a number of able pahnon- 
tolbgists h^irVe; persisted in refusing credence to any facts which should prove, if they 
were nb longer called anomalies, that the Rugosa were not restricted to the Pakeozoic 



AND APFINITIBS OF OTYNIA ANNULATA. 


31 


age, and that there has not been a break in the succession of coral species by descent 
since the first of them appeared in the seas of old. If the supporters of the hypothesis 
which restricts the Rugosa to the Palseozoic rocks had studied the great work of the di- 
stinguished French zoophytologists so often mentioned by me, they would have found that 
the following words occur therein : — “ Le groupe dcs Zoanthaires rugeux . . . se compose 
presqu’entierement d’espcccs fossiles appartenant aux terrains anciens”*. The exception 
alluded to was a most remarkable and striking one, which was well known to every 
geologist of note. LoNSDALEf had described a common fossil which was discovered by 
Fitton in the Lower Greensand of Atherfield : it was a coral with rugose characteristics, 
and MM. Mi lne-Ed wards and Jules Haime placed it amongst the Rugosa and named 
it Ilolocystis elegans, Lonsdale, sp. The specimens are abundant, and they evidently 
grew and lived in the Neocomian seas. The existence of the species was considered to 
have been anomalous ; but it excited much attention amongst those paleontologists who 
were disposed to consider such anomalies as broken links in a groat chain of evidence. 
Any forms which might connect the Neocomian species with the Pahnozoic were eagerly 
sought for, but without success ; and the distinctness of the Palceozoio and Neozoic coral- 
faunas (excepting the Zoantharia tabulata, about which much may be said) might still 
be generally admitted, luul not the results of the explorations of the sea-fioor by the 
Americans and by the naturalists of the ‘ Porcupine ’ expeditions reopened the question. 

Count PouRTALES J fouiid a coral with rugose characteristics amongst the drcxlgings 
which wcM’i) oblnined from off the floor of the sea, five miles distant from the Florida 
reevf, ill LS(ib .; he fouiub'd a new genus to receive the interesting form, and described 
it specifically as JfajdogjhyUia g^aradowcCi Poxxrtales. Fortunately the living tissues wore 
examined and described. 

Within the present year (1871) I have examined numerous specimens of a coral which 
is new to science, and which presents most marked rugose peculiarities. The specimens 
were dredged up in the last expedition of the ‘ Porcupine ’ from off the Adventure Bank 
in the Mediterranean §, and their description forms the most important part of this 
communication. 

The jiroscnce of two genera of Rugosa in the existing coral-fiirina has led me to 
examine the rugose peculiarities of several species of the gmius ConoHwiUa Avliich wciu 
described by me in an essay on the I^'ossil (Jorals of tin; Australian '.rertiary Deposits ||, and 
also to reconsider the evidence ofi(.;re<l respecting the descent of many I.ower Liassic corals 
from Palmozoic Rugosa, and which was published in 1867 •[[. 

With a view to connect this evidence with the results of the reconsideration of the 
Australian species just alluded to and the discovery of the recent Rugosa, I have intro- 


* llist. Nat. dos Corall. vol. iii. p, 3S4. t Quart. Journ. Gool. Soo. vol. v. 1849. 

^ Contributions to the Fauna of tho Gulf-stroam at groat doptlis, 2ud series, 1808 (L. F. FouiirAuiis). 
§ CAHP.ENTETI tttid J'i5W.r«5Y8 On Doop-soa llcsoarchos,” Proo. Eoyal Soc. tol. xix. pp. 375, 170. 

II Ann. & Mag. Nat- Hist. Soptembor 3.806, and Quart. lourn, Geol, Soo. February 9, 1870. 
f Brit. Foss, Corals, Supplomont issued for 1867. Palajontographioal Society, Loudon. 
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duced in this paper a notice of the species of the Secondary rocks which wore known 
to depart from the usual hexameral type, and which were described by MM. 

Ed WARDS and Jules Haimb* and by M. db FROMENTELf. This course of proceeding 
is necessary in order to show how the rugose type has persisted during the Neozoic ages. 


II, Genus Guyeia. 

The corallum is simple and long. The wall is thick and solid. TTie st^pta are well 
developed, lamellar, unequal, and are continuous from the base to tlui calico. There 
are four systems of septa, and one primary septum is longer and larger than the others. 
The columella is essential, and is attached to the larger septa. There is no endothciCii. 
The costae are visible on the growth-rings of the outside of the wall. There is an 
epitheca. 

Species Guynia ammlata^ sp. nov. Plate I. figs. 1-8. 

The corallum is long, cylindrical, and narrow ; it is sometimes (axrvod. The accretion- 
ridges are well developed and regular, and aro marked with ])romiucnt short spiimles, 
laminse, or granules which corresi)ond with the costie. Tlio oj)ithoca ornaments the 
ridges, and is delicate. The costtc extend over the whole length of the corallum, and 
usually exist as flat bands between the close and rathew wavy accreti{)n-ridg(!S, 

There are four principal septa, one of whhdi is larger than th(% otluirn at the caliccL 
The four secondary septa are often as largo as the primary, but tlu^ eight tertiary septa 
are almost rudimentary. Tluirc are four systems of sc^plu, soid l,hrc<‘ (‘,ycl(‘s in (mlcIi ; nom^ 
are exsert. The columella i.s stout, cylindrical, (Unqdy s(v.iled in the. calicii, iuid adhere.nl, 
to the larger septa. The intoi'KSoptal loculi av(^ largt^, and the transverse outlim* td:' tbe 
corallum is sometimes rather angular. The length of the ])er(bct corallum probably 
J inch, the breadth inch. 

Locality. Adventure Bank in 92 fathoms. 

The numerous specimens of this coral are in excellent preservation, and their (‘.oiidition 
is that of living forms whose soft parts have been crusluMl or washed out during the 
operation of removal from their usual locality. Many of the corids a.dhor(‘d by tlu'ir 
sides to mollusca, and resembled annelid-tubes raarlwod with a regular .series of ring-like 
accretion-ridges. 


III. The numerous growth-rings or accretion-ridges give the species a very palteozoic 
facies, especially when there is a very decided constriction between two annular promi- 
nences : this facies is made more decided when the tetrameral arrangement or type of 
the septa is noticed and the solid coluniella is distinguished. The stout wall and the 
absence of endotheca are exceptional peculiarities ; but although they are not mentioned 
in the diagnosis of the Eugosa by MM. Milne-Edwards and Jules Haime, they are 
admitted as characterizing a most important family of them — the CyatUansonidce. 

* Hist. Nat. des Coralliairos, 1860. t E. FROiiENm, ‘Polypiors fossilcs,’ 1868-61. 
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The following is the diagnosis of the Oyathaxonidw^ the second family of the section 
Eugosa* : — 

“ Corallum having a well-developed septal apparatus, the laminae extending uninter- 
ruptedly from the base to the summit of the visceral chamber, and leaving open fossulae 
between them without dissepiments, tabulae, or synapticulae. The primary septa are not 
decidedly more developed than the others, and do not form a cross as in most of the 
Stauridae.” 

Up to the present time but one genus has been associated with this family, viz. Cyor 
thcusmiia, Micheliiif ; it is thus described by MM. Mi lne-Ed wards and Julrs HaimeJ: — 

‘‘ The corallum is simple, Iree, finely pedicellate, and has the shape of an elongate 
and curved cone. There is a complete epitheca. There is a well-developed septal 
fossula situated on the side of the great curvature. The columella is styliform and 
very projecting. The septa are smooth and numerous, and most of them unite with 
the columella.” 


The accretion-ridges and wall are particularly well marked in Cyathmonia tortuosa, 
Michelin, and the size of the septal fossula varies with the species. The genus was 
represented in the Upper-Silurian strata of Gothland, and perhaps in the Ludlow rocks 
of England, but its species have not been found in Devonian strata : nevertheless it is 
not a rare fossil genus in the American and Belgian Carboniferous strata. Cyaihaxmia 
cornu, Michelin, is said to be found in English and Belgian Carboniferous deposits. 

The great distinction between Cmynia. and Chjathasconia is the absence of the septal 
fossula in the first genus ; but its species has a large septum, which is a very marked 
rugose peculiarity, and the replacement of such septa by depressions or fossuhn is common. 

There is therefore no reason why Guynia annulata should not bo placed in the family 
of the Cyathmonidm, and that its genus should not be closely associated with Cyathaxonia^, 


TV. Count PoTJRTALES describes the genus Ea^l(yphyllia (Plate I. figs, 13-15) as 
follows II : — 

“ Corallum simph;, fixed by a broad base, covered with a thick epitheca ; columella 
styliform, strong, very thick at the base. Intcrseptal chambers deep, uninterrupted by 
tabula? or dissepiments, but filling up solid at the bottom.” 

An introductory paragraph ^If supplies the defective information respecting the septal 
apparatus. Pie therein states : — “ The singular coral next to be described strikes one at 
first sight by its resemblance to some of the members of the group of the Eugosa of 
Milne-Edwards and Hatme, A closer examination tends- to confirm that view, much as 
it seems improbable to find a living representative of a group so long extinct. In no 
other division of the corals is the septal apparatus subdivided into systems that are mul- 
tiples of four ; but such is the case in our specimen, though a little obscured by acci- 

* Hist. Nat. dos CoraU, vol. iii, p. 329. t loon. Zooph. 1846, 

■ t 0j>. eit. p. 329. § I have named the genus after Mr. Gwtn JiOTimBxs, E.R.S. 

II Op. ci<. p. 140. . Pages 139 and 140. , 

MDOCCLXXII. P 
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dental causes. Anotlicr, tliougli perhaps loss important, chanictcr is the smootlmcss of 
the septa, which present neither perforations, nor synaj)ti(‘ula, nor graiiulat ions, d’abuho, 
however, there are none, the intorseptal characters b(‘iiig open tiom top to botlorn. 
Among the Kugosa this character is only ibuntl in the family of the ([i/at/naoindiv, to or 
near which, therefore, our coral must find its place. Fiom the genus (hjnthaA'onia it 
differs in being attached by a broad base, and also by the absciu'e of a septal fossula.’' 


Ea^laph ijUia paradoxal Pourtah's, 

“Corallum subcylindrical, short, fixed by a bioad base; cpithoca thick, wrinkled, 
reaching higher than the calico, and forming around it bcvcial eoncentric circlen as if 
representing the separated borders of several superposed layers. CVdico circular, fossa 
deep. Septa smooth, without granulations or jierforatioiis, not reaching tlu' border of 
the calice ; like all the internal parts of the calico, their surface is lik(‘ ouawud, (lolu- 
meha composed of two smooth conical processes, very thick at the base and tcniding to 
fill up the chambers. Eight septa, larger and connccte<l with the columella, alt(‘rnating 
with smaller ones which touch the columella at a much lower lov(‘L A further cycle is 
indicated by small ridges of the wall-surface in bomo of the chambers. No distinction 
can he made between primary and secondary sepia among the (dght larger ones, as they 
all appear equal. 

“ Height about J incli ; diameter of th<j calict' inch. 

« The coral was living when obiainod ; the ])oiyp was of a greenish colour, but was not 
otherwise examined when fresh. After having been in alcohol it could be lift(‘d out entire 
from the calice, presenting an exact cast of the chambers, llie mouth is surrounded 
by a circle of about sixteen rather long tentacles, bluntly tuhoroulated at the tip. 
Outside the circle of tentacles extends a membranous disk with radiating and concen*^ 
trie folds.” 

This unique specimen was dredged up in 824 fathoms off the Florida reef. 

It is evident that this interesting form and that which was dredged off the Adventure 
Bank have much m common. Both must he classified amongst the GyxthctxouiddB j and 
it IS quite possible that future dredgings may discover intermediate forms which will 
necessitate the ahsoi’ption either of the genus BfdplophylHct, or of At present 

the shape of the closely alEed forms, their septal number, the nature of the columollse, 
and the characters of the eplthecal structures must be considered to separate them 
generically. The large septum, so visible in some of the specimens of (htynid 
constitutes in itself a differentiation. 

^Admitting the generic alliance to he of the closest, Ghjtypmid and ffcplophyllid will form 
With Oyaikaxmia the three genera of the &mily Cyathaxonidcs of the section Bugosa, 

V. ia dweeibing some fossE corals from &e Miocene deposits of Australia in 1866 I 
noticed some species of a new genus in the following mann« • The new genus Com- 

^ * Am, Mag. Nat. Hist. 1866 , xvi, p. 186 * 
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milio. possesses the twisted ribbon-shaped columella of the subfamily Caryophyllacem, 
the endotheca and septal margin of the Trochosmiliacece, and the irregular septal arrange- 
ment which was so common in the corals of the Oolitic age, and which, from its octo- 
meral type, reflected the Eugosa of PaloBozoic times.” 

The Geological Survey of Yictoria sent me a great number of Miocene corals for 
examination and description, and the species were figured and described in an essay on 
the Fossil Corals of the Australian Tertiary Deposits, read before the Geological Society, 
February 9, 1870. The four well-marked species of the genus Conosmilia were examined 
and reconsidered ; but I could not separate them naturally into two groups, although 
three out of the four had the octomeral septal arrangement ; the fourth had the usual 
Neozoic hexameral type of septal apparatus. I wrote as follows*: — “The most inter- 
esting of the corals, from the Cainozoic deposits of South Australia are the Conosmilice, 
It is a genus perfectly Australian in its abnormalities. A simple coi’al with a pellicular 
cpitheca, having a beautiful herring-bone ornamentation, with an essential, twisted, 
“ serialaire” columella with endothccal dissepiments, and with plain septa, which have 
the hexameral arrangement in some and the octomeral in others, is a form containing 
the elements of several classificatory series. The irregular septal arrangement amongst 
the closely allied species may be considered to depend upon atavism. Such octomeral 
cyclical arrangements occurred in some genera in the Lower-Greensand period and 
during the Oolites, &:c.” 

When the rugosepeculiai’itie.s of throe,' out of tbofour .spe<‘.ios of this g(;ims arc coiiKidorod 
in relation with the discoveries of existing corals belonging to the section Eugosa the 
opinion that they were due to recurrence to ancestral types may well be modified. Like 
I[aj>lophyllia and Gnynia the Conosmilico did not belong to a reef-fauna, but to those 
deep-sea faunas which contain so many persistent types. If the theory that the Corns- 
milico were originally of an hexameral septal type is cori-oct, then the three out of the 
four known species have departed from it and reflect the peculiarities of the ancient 
Eugosa ; but if it be admitted that the genus belonged originally to the tetrameral or 
octomeral type (for they are identical), then these three Miocene forms wore direct 
descendants of tb.o Paleozoic Eugosa, and the one hexameral species was a modification. 
Whiclu^ver tlujory is aecc'pted, tli(' descent from a Falseozoic type is inferi’ed. There is 
an intciresting relation between so many recent Australian animals and plants and those 
of the late Paheozoic and early Neozoic ages, that, believing in the possibility of the 
persistence of coral types belongingto those remote times, I have investigated the struc- 
tures of the Conosmilicb with a view of associating three of the species with the Eugosa. 
The result is somcAvhat remarkable ; for it indicates that if the Conosmilim can be 
regarded as Itugosa^ they must be placed amongst the Sfauridco, in the neighbourhood of 
the genus Polycoelia^ whose species are of Permian age in Europe. 

Conosmilia elegans^ Dune., Conosmilia lituoUs^ Dune., and Conosmilia ammala^ Dune,, 
have, in addition to the rugose septal arrangement, an endotheca which closes off the 

* Quart. Journ, Gool. Soo. vol, xxvi. p. 309. 

S’ 2 



36 


PEOlfESaOB P. M, BPKCAN ON THE PEUaiaTIilNOE OP 


lower portions of the interseptal loculi ; but it is curved and arched, and is diHscpimental 
rather than horizontal and tabulate. Their fasciculate coluinclhc and hunt i)ellicular 
epithecas are remarkable structures ; and their costal aiTangeniont, by which the sc^ptuin 
corresponds with the intercostal space, is eminently cliaracteristic of some Ku^osu. 

They differ from the OyathauconidcB in having an endotheca; but their completely 
lamellar septa and their distinct costre associate them with the u<3Xt, or rather the first 
family of the Eugosa — the Stauridm. 

The Stauridm were formed into a family by MM. M'iLN.G-liji)WAa.i)S and J ulks Haime in 
I860*, and it was differentiated as follows: — 

The septa are well developed, and are formed of perfect laminm, which extend unin- 
terruptedly through the length of the visceral chamber ; they arc uiiitt'd laterally by 
lamelhii-y cross di:?scpiiiH?nl;s, and they arc arranged in four systems, usually churactesr- 
ized by the presence of four large septa arranged in the shape of a cross. The wall i.H 
well developed and imperforate. 

The family contained in 1860 two genera of compound and two of simple corals. 

The first are, of course, out of the line of the present communication, except that 
one of them, the Ilolocyatis of the Lower Greensand, offers a remarkable proof of the 
persistence of the rugose type. 

The second or sirnphi coral genera arc l^olyoadia and MotHophijUmn, 

Folyoeslia has no e-olumcllii, and the diss<'.piiii(‘M(;d tissue* is in the form of horizontal 
tabultB, and in Metnophyllum the septa are grouped in four fasci(5nli. Had a Hpeci(}s 
oi JPolycadm a fiseicuhite columella and a few arclu^d dissc^pinu'nts, it would ro'iaost'ut 
one of the CmomnUke with the totrauurral ty])e — tine ( 'onusmilk/. Hf,nolii,.s ihr iustjuicc*. 

The manner in which (uirvcd or arched disst^|)iiu(‘nt.s arc assoc,iat(*d with ami follow 
tabulic in the snine rugose corals may be seen in many spccinicns f)f Carboniferous 
species, so that the distinction between the two conditions is not so great as was tJn)ugii.t 
formerly. The absence of a columella is a generic distinction. 

Conosmilia, according to the theory of its being a persistent typo, should ho admitted 
into the Staundoe, in the neighbourhood of the genus Jdolyooslm, 

MM. Mitxii-EnwARDS and Juiiiis Haimh classify the Stavridee as tlxo first faTuily of 
the Eugosa, and the Oyathaxomdai as the second ; and the distinctiou is the want of 
endothecal structures in the last-named natural division. 


yi. If the occurrence of a tetrameral septal arrangement in a Miocene genus in which 
there is a species with the normal Neozoic hexameral type has any significance with 
reference to older forms, corresponding phenomena should be more common, in more 
anciient faunas, — that is to say, the secondary strata should contain a greater number of 
tetraineral and octomeral types combined with the hexameral than thq tertiary deposits ; 

eorals of the oldest secondary rocks should retain greater evidences of 
it from Palaeozoic Eugosa than those of a later date. 

The following, data may be advajneed in proof of the occurrence of these requirements. 

* cit, vol. ili. page 324. 
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The discovery of the rugose Eolocystis clcyms^ Lonsd. sp., in the Necomian has already 
been noticed ; it is a species which belongs to the same family as Stemria and Cows'- 
niilia. 


M. DE FifcOMENTEL has arranged many genera of Secondary and Tertiaiy corals according 
to their septal types ; and he notices that a doubtful generic title is given to Eimjor^liQ- 
omnia corallina by Etalloit, and that the form which belongs to the Middle Oolite coral- 
fauna is one of the Eugosa. The other species of the genus, and which is the type of it, 
has the hexameral septal arrangement, and is a Neocomian fossil. 

The same author notices and describes PUurostylina corallina from the Middle Oolite, 
and proves that, with the normal Neozoic hexameral septal type, it has a relic of the 
rugose structure in a large septum which passes into the axial space. 

Bte^lianoommia is a genus with existing Lower Cretaceous and Middle Oolite species 
having the hexameral septal type ; but there are other species found in the Eocene and 
in the Lower Chalk which have the octomeral arrangement. 

Btyloomnia has species with a pentameral type in the Eocene and Lower Cretaceous 
deposits, and some with the octomeral septal arrangement in Eocene and Miocene 
strata*. 


Sty Una has species with the hexameral arrangement in the Upper, Middle, and Inferior 
Oolites, and others with the octomeral in the Middle Oolite and Lower Chalk ; moreover 


it has sp(^cics in tlic Trias and Middle and Interior Oolites which have the decaraeral 


septal typo. 

CryjytOGosnia has hexameral types in the Neocomian and in the Middle and Inferior 
Oolites ; but the Middle and Inferior Oolitic strata contain species of it with the octo- 


meral septal arrangement. 

(romocom affords examples of hexameral species in the Upper and Middle Oolites and 
in the Lias, whilst there is an octomeral type in the Middle Oolitic rocks. 


Astrocmia has hexameral species in the Eocene and Neocomian deposits, octomeral 


in the Tiowtu: Cretaceous and Middle and Upper Oolitic strata, and in the Tertiaries of 
Cast(;l Goinbcrtof ; but all the species described by me from the lowest Liassic strata 
possess the docameral type. The lowest coralliferous secondary deposits of Great 
Britain contain, badly |)vcse]:ved fossils, and yet the Thecosmilian from the White Lias of 
Watchet and the cast of a congeneric form from that of Sparkfield have very rugose 
characters The Thecosmilim from the “ Guinea bed” at Binton (zone of Ammonites 
planorhis) have the great septum and thin wall of many Eugosa § ; and the species of 
Oppelismilia from the next and higher zone of Ammonites angulatus has no distinct 
septal arrangement, but a thick epitheca and calicular gemmation. The great Astrocoe- 
nian fauna of the zone is composed of twelve species, all of which have the decameral 
s(;i)tal arrangement, and none of tlieni the hexameral. Many of the Montlivaltim of 
the zone are so irregular in their development that they cannot be classified under any 


§ Id, p. 60. 


♦ lUiiiHH, Oastol Gonibcrto, Foss. Aatlioz. Kaiser. Akad. der Wisson. Wien, ,1808. 
t Roush, ojk cil. i F. M. .DtscAsr, Pal. fcJoc. Loud. -vol. xxi. p. C7. 
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type; others have the hexameral arrangement, and MonfMimUia M/arddsonim, Dune., 
has its septa collected together in four systems. All the species have epithccat(i walls. 

In the zone of Ammonites JBucJclandi the genua Leimio;phyllki has a very rugose 
facies; and Montlimltia radiata, Dune., of the zone of Ammonites ranoostatm, is 
evidently furnished with a septal arrangement on the tetnimeral ty])o, the tour ])rindpal 
septa being very large. Even in the Middle Lias, TjejyidophylUft hebmlensis^ Dutk;., has 
a rugose aspect ; and the greatest of all Montlii)(dtiw.j the Montlvodltui Vi('toTi<f\ ot the 
zone of Ammonites Henlmji, has an epithecate wall, although tlicrc arc six systems of 
septa. 

Thus from the Ehmtic beds to the Middle Tiiassic strata the examples of more or less 
modified rugose types are frequent ; for the species with the dccamcral S(q)tal arrangc^- 
ment very probably originated from forms of Bugosa with indefinite septal mtmb(U's. 
After the age of the Lias to the Tertiary period the septal arraiigcments of many species 
and subgenera appear to be very confused ; but still many rugose types persist'd, having 
the tetrameral disposition or the decameral ; so that if it is admitt<Hl (and it may be so 
consistently with exact truth) that some of the Triassic corals, especially the MonUioalMw, 
have- certain but rather faint rugose characters, ther(5 is ovidcucc that there has not hcani 
a marked break in the continuity of coral life. 

Doubtless many species have varied and have recurred to their auc(*stral fonns ; and 
this may account for the appearance of tetrameral or octomoral typ(^s lat('- in the world’s 
history in geiicj-a whose ohhn* s(!condary species were of the hexameral typi?; hut the 
persistence of tho rugose type, morc^ or less modified, up to tlu^ preseui, day can no l()iig(n- 
be denied. 

Probably many goiiera with iK^xumeiul septal urrangfUTieuts ()rigiuat<;d jti Palieozoic 
times; and I have noticed in a former eommuuication* the interesting relation of the 
Carboniferous Heterophyllim and the Devoniun Battevshyiai to tho corals of the; uoriual 
Neozoic type. 


YII, It is very remarkable that the two recent species of Bugosa, llaphphjllm yard- 
dowa^ Pourtales, and Guynia annulata, Duncan, should belong to the wiuu; family of 
the section, and that the tertiary Conosmilice with PalaDozoic affinities should of necessity 
he included in a closely allied family of the Bugosa. 

That the American and Mediterranean species should bo closely allied is in keeping 
with the results of the study of the distribution of deep-sea as well as of shallow-water 
forms in those distant localities. TheHippurite limestones of Jamaica contain the same 
species of Madreporaria as the Cretaceous rocks of Gosau in Austria ; the dark Eocene 
shales of the same island have yielded the same species of Madreporaria as the early 
Tertiary deposits of North-western Europe; the Miocene fauna of the Caribbean islands 
contain^ the characteristic species of the corresponding Ealunian deposits of France, Italy, 
and Maltai; and even the recent Algse of part of the West-Indian area resemble those 
’ ; * Philosophical Transactions, 1807, p. 648, 
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of the Mediterranean. As regards the Kadiata and the Foraminifera, there has been a 
very prolonged correspondence of identical and representative species between the 
distant areas, and now the occurrence of closely allied species belonging to the persistent 
rugose type attests still further the interesting biological relations between the two 
margins of the great Atlantic. 

It has been noticed that the Conosmilioi of the old Australian seas, now found included 
in Midtertiary deposits along the northern shores of Victoria and South Australia, 
belong to the Stauridse, and that their close ally in that rugose family is the genus 
Folycmlia. This genus is extinct, and formed the characteristic coral-fauna of the very 
uncoralliferous Permian deposits. Considering the w^ell-known Triassic, Jurassic, and, 
indeed, the Pahnozoic facies of portions of the recent and tertiary Australian faunas, 
the establishment of the Comsmilim with their Permian affinities as part of a family of 
the Bngosa is highly suggestive. 

In conclusion, I think that there can be no doubt about the persistence of the rugose 
type of Palajozoic Madreporaria through the Neozoic formations to the present time, and 
that the species with hexameral and decamcral septal arrangements descended from 
rugose types, and the latter especially from those with an indefinite septal number. 


VIIL Explanatiout op the Plate. 


PLATE 1. 

Fig. 1. Portion of the corallum of Gdynia annulata fixed to a shell. Magnified. 

Fig, 2. A specimen showing the calicular end and the costse. There are eight large 
primary septa, and one is united to the columella. Magnified. 

Fig. 3. A specimen showing the transverse epithecal markings. Magnified. 

Fig. 4. Cross section, magnified. There are eight primary septa and several secondary. 
Magnified. 

Fig. 5. View of a nearly perfect corallum, showing constrictions, costae, and epitheca. 
Magnified. 

Figs. 6, 7, 8. Portions of a corallum in which at one end there is an hexameral arrange- 
ment of the septa (fig. .7), and midway there is the usual octomeral arrange- 
ment. 

Fig. 9. Corallum of Gonosmilia anomala, Dune. 

Fig, 10. Tlie calice, magnified, showing eight primary septa. 

Fig. 11. Corallum of Gonosmilia Utuolus^ Dune. Magnified. 

Fig. 12. The calice, magnified. 

Hg. corallum of HajplophylUa ^yaradom^ Pourtales (from Poubtalbs’s ‘Deep 

Sea Corals’). 

Fig. 16.J 
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Note.— M arch 26, 1871. 

Some days after this communication was sent to the Itoyal Society, Mr. J. Cxm 
Jeefbeys, r,E.S.5 forwarded me several specimens of Ouynia ammlata which ho had 
found adherent by their sides to mollusca obtained from the Adventure Bank. J.hes(^ 
specimens are well preserved, and one of them shows the small commenc<nnout of the 
long cylinder of the coral. Others exhibit the columella and the large septa and the 
normal septal arrangement (octomeral). But one rather dofonned coral exhibited on 
a fractured surface which was at right angles to the long axis six large septa instead 
of the usual eight: this of course required careful examination and explanation. The 
septa in the lower and therefore older part of the coral were clearly irregular in tlunr 
growth ; but a section midway between this portion and the fractured part established 
the interesting fact that the lower part of the corallum possessed tlic normal octomeval 
septal arrangement, and that the upper, in consequence of the abortion of two vsepta, had 
the Neozoic hoxameral typo. This is veiy suggestive in the matter of tlu; evolution of 
hexameral from octomeral types, or rather from the tctrameral 


March 24, 1871, 
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IV. On the FossH Mammals of Australia . — Part V. Genus Nototlierimi^ Owen. 

By Professor Owen, F.B.8. 

Rocoivcd May 8, — Boad Jiino 15, 1871. 


J 1. Introduction , — The recognition of the genus which is the subject of the present 
paper was subsequent to that of Bipvtodon. So much of the molar teeth as remained 
in the mutilated mandibles* transmitted to me, in 1842, by Sir Thomas Mitchell, C.B., 
from the bed of the Condamine lliver, indicated their transversely two-ridged character, 
and suggested at first sight that the fossils might belong to some smaller species of - 
I>iX)rotodon. Closer scrutiny, however, showed them to be parts of full-grown animals, 
and that they could not be tlie young of any larger extinct Herbivore. 

Moreover, sufficient of the symphysial or anterior part of one of the mandibular 
fossils remained to demonstrate the absence of any incisor developed as a tusk or defen- 
sive weapon f, such as coexisted with the bilophodont molar teeth in the lower jaw of 
Bijirotodou. The small portions of the enamel on the remaining bases of the molars 
(for th(.i crou iis of all had been more or less broken away) showed a smoother surface 
than thiit jit tJu,; corresponding parts of the molars in Biymtodon. I was therefore led 
to recognize with much interest, in the fossils transmitted by my esteemed friend on 
his return to his duties as Surveyor General of the Colony of Australia, after the 
publication of the work J containing the first notice of Bi^rotodoni evidence of another 
genus of extinct herbivorous marsupials, second only in bullc to that first discovered, and 
I proposed for the smaller genus the name of Fototherium^. 

Fui;th(U’ comparison of the mniidihnlar fossils rofernblo to such genus indicated them 


to have l)eloiig(',d to two species, io one of which (fig. 1. p, 42} I was glad to attach the 
name of its discov('J’er {NotolMviimiMltdielli) ; the other I proposed to call Fotothevmn 
iiicrme^ as it silforded evidence of tJie absence of largo incisor tusks. AYlietlicr any, or 
of what proportion, or in what number, incisors might have been present in the missing 
fore part of the fractured symphysis could not, of course, be determined ; that which 
reniidiied only ga^'e the negative evidence as to incisors of the relative size and shape 
and persist, out growth characterizing the Bijrrotodon || . 


* Owicx, “llc])OTl-, Oij the. Extinct MimimfJs of A.ustralia, &o.,” iji Beports of tlio British Association for the 
Advaiiconu'Tit of Soiojicc for 1S44, 8vo, p. 223, plates 3 & 4. 
t Ih. p. 231. 

J ^Tliroo F,xi)enii.im>R into flit* liitcrior of Kastem Australia,’ vohs. i. ttii. 8vo, 1838, 

§ yoTos, south, Orip^oy, hoast, ‘ Catalofjuo of the Possil. Mammalia and Aves in the Museum of the Boyal Col- 
loi'o of Surgoourt,’ London, 4 to, JS-ir), p, 314. 

II “ 'J,'h(^ lower fractnrod surface exposes the dental canal extending obliquely from without inwards bolow the 
MDCCCLXXII. G 
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of works and monographs which gave great stimulus to the progress of philosophic 
zoology, published a notice of this remarkable fossil, naming it Zygoviiatums tnlohus^ in 
a “Report on Donations to the Australian Museum during August 1857,” which 
appeared in a Sydney newspaper of that date. 

Photographs of the skull, made by the direction of the then Governor of Australia, 
Sir William Denisok, were transmitted to Sir Roderick I. Murchison, Bart., 

P.G.S., for presentation to the Geological Society of London. These photographs were 
placed in my hands, with the request to report upon them* . I had some time previously 
received from my friend George Bennett, Esq., F.L.S., of Sydney, outline drawings of 
the same skull, from which materials I recognized it to belong to the genus Notothermrif 
and in all probability to the larger species, N. MitclielUi of which the lower jaw, from 
the same formation and locality, had been previously received and added to the British 
Museum. I had written, on receipt of the ‘ Sydney Morning Herald ’ containing Mr. 
Macleay’s Report and Notice of his Zygomaturus, to the author, suggesting the proba- 
bility that his subject might prove to belong to the Nototlieriwm, and expressing the 
wish for the opportunity of maldng the requisite comparisons by means of a cast of the 
skull ,* and I received a friendly and favourable reply in a letter dated 9th March 1858, in 
which Mr. W. S. Macleay writes : — “ Every month a list of donations received is published 
in our local newspapers, and it is true that in one of such monthly lists I lately wrote 
on this ‘ Zygoinatams ’ a IVnv words which you appear to have seen. They are, however, 
principally intended to please the donor, and to induce him to send us more specimens. 
The name, from the ‘ tail ’ ox process of the zygoma, was given on the principle we 
adopted of cataloguing every thing, were it only for the purposes of correspondence 
and exchange.” — “ You ask for a cast of the skull of the Zygoymtums, and I am glad 
to think that, long ere you receive this letter, you will have had in your hands a cast 
that Mr. Want, a Trustee of our Museum, took home for the British Museum.” 

The characters afforded by this cast and by the outlines and photographs of the ori- 
ginal specimen disx^elled all doubt, in my mind, as to the skull and upper jaw and teeth 
belonging to the same species as the lower jaw of Kotothenum Mitchelli, also discovered 
in tli(^ b(ul of King’s (Ircck, Darling Downs. 

But there were many points in relation to sutures and foramina which could only be 
determined by ins[)ection of the original specimen. It could scarcely be expected, how- 
ever, that a donation of such unique rarity would be despatched for that i)urposo from 
the Antipodes. But the Trustees of the Australian Museum have kindly directed plio- 
tograx)lis, on a larger scale than those originally sent by Governor Denison, to be i)re- 
j)arcd and ti*ansmittod to mo ; and they have also liberally caused casts to be made of the 
])rincipal specimens of bones and teeth of Wotothenvm subsequently acquired for the 
Australian Museum, which casts, with photographs of the originals, have likewise safely 


come to hand. 

These and other evidences of the present genus, received at different times from various 


* liuartcrly Journul of the Grcological Society, vol. xv. 1859, p. 1G8. 
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sources and localities in tlie Australian contiuentj will be duly aclmowle(lj»'etl in tlu; 
descriptions of sucli about to be given; and 1 i)ropose at once to proc.cx'd with 
tlie results of the examination of the evidences at my comuiaiid of the cranial structure 
of Nototherium*. 

§ 2. Skull. — ^The singular shape and proportions of this part of tlic sludedou will ho 
recognized at a glance of Plates II. and III. The occipital rc.'giou (Plat(‘ III. tig. I) 
represents the upper half of a transverse ellipse, being arched above ; the straight lino, or 
section, below is interrupted by the paroccipitals ( 4 , 4 ), which descend on each side of the 
condyles ( a, a), about 2 inches below the level of the foramen magnum, 0 ; tlui mastoids 
( 9, b ) and sguamosala (27, 27) bound the region externally. The broadtli of tlu> occiput 
at its base is 13 inches, the height at the mid line 7 inches. The surface^ iiujliues forward 
(Plate II. fig. 1, 3 ) especially at its mid third (Plate III. figs. 1 Sc 2, a), but bccomos vertical, 
or nearly so, as it arches outward. The surface is broadly undulate tranHverB< 5 ly, being 
concave at the mid third, convex at the two outer thirds. Ncjaiiy the whole of this 
surface is roughened by ridges andinsertional impressions of luuduil muscles, the sharpest 
and most prominent of which is the medial vertical one (ib. figs, i Sc 2, 3 ), extending 
from near the upper border of the foramen magnum to the transverse ridge bounding 
the occiput superiorly: this ridgo describes a low arch transversely; hmgthwise it 
extends toward the upper surface of the cranium, describing an o[)en angk? with the. trun- 
cate apex forward (ib. fig. 2) Tho condyles form tlie lower two iliirds of the fomnum 
magnum, save at the interval of seven lines between tluur lower (mds (ib. iig, 3 , », a). 
Prom these they diverge us they rise with a vortical convcixity, grtaitc‘.st at lower 
half of tho condyle, and more gradual toward tho upper and outer end. tiunsverstJ 
convexity is more regular, and aifi’-cts the hinder, outer, and luidiiv ])arts of the joint. 
The length of each condyle is 2 inches 7 lines, the I'.xtn.'rno breadth is I inch ?> lines, 
the distance between the upper ends is 4 inches G linos. T'h(i surfactJ towards the 
foramen is almost flat in tlic least diameUn, gently concave or rather undulating longtlx- 
wise. The plane of the occipital foramen is vertical ; its shape is a full ellipse, with tin* 
least diameter transverse ; this gives 1 inch 8 lines ; the long diameter is 2 inches. 

A broad groove or channel, directed from below upward and c)ntwavd, dividc's tlu^ 
condyle from the base of the paroccipital ( * ). Idiis broad, process inclines lbr\v;j.i-(l Ixd'ore it 
descends, its hinder plane being anterior to that of the convex, part of tlu* otaa put above. 
The obtuse termination of the process is continued, with a curve upward and outward, 
by a thick and rugged ridge into the mastoid process («), wliich, with the stpiainosal, 
bounds the occipital region laterally. TJie outer margin rises frcmi the mastoid with u 
• slight convexity for four inches before curving inward to tlic upper arch of the occij)ital 
ridge. A fracture of the outer table on the right side of tho occiput exposes tlie extonsion 
to tins part of the cranial walls of the air-cells continuous with larger cavities in advance. 

* ItKlir., had the opporturity of eociiig tho romurkahle akuU wliicli Hr. Isaac hud scut 

to Syidi^ und his ‘Notes’ thereon are quoted in my Paper in tho ‘Unartoriy Joumol of 

the Geoh)o«Qf 5 vh. 
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The base of the huge zygomatic arch is continued (Plate II. fig. 1, 27), with a slight 
sinking inward, from the whole vertical extent of the mastoid ridge and from a part of 
the superoccipital ; the lower end being formed by the tympanic, which is defined by a 
slight notch from the end of the mastoid process. 

The pai’ietal walls (ib. 7) extend from without inward and forward. Prom the short 
alisphenoid the parietal plate arches upward, with a strong convexity forward at its 
lower half (Plate III. fig. 3, 7) ; this subvertical part of the cranial walls forms the 
hind boundary of the vast subquadrate oblong vacuity combining orbit and temporal 
fossa (Plate III. figs. 2 and 3, t). The parietal or paiieto-temporal wall (Plate II. fig. 1, 7 ) 
is divided from the occipital plane (Plate III. fig. 2, a) by the superior or superoccipital 
arched ridge ; it is divided from its fellow or opposite wall above by a flattened tract 
about an inch broad (ib. fig. 2, 7), near the superoccipital (ib. fig. 2, 3), but which expands 
as it advances from the parietal (7) upon the frontal (n) region. The parieto-frontal part 
of the cranium forms less than the middle third of the breadth of the entire skull as 


here completed by the enormous zygomatic arches. The frontal roof of the cranium, 
retaining its flatness transversely, gains a breadth of five inches, with a slight downward 
slope in profile (Plate II. fig. 1), and then (ib. a) more abruptly arches down to the 
origin of the nasals (ib. u), an arch being continued outward, on each side of the naso- 
maxillary pedicle, to the tuberosity (s) representmg the antorbital or lacrymal process. 
There is a transvci-so depression above the origin of the nasal bone (Plato III. fig. 2, n). 
The vertically convex outswellings of the frontal above and alongside this depression 
indicate the enormous air-sinuses within. The inner side or walls of the orbito-temporal 
vacuities sink sheer from the upper parieto-frontal tract to the outswelling of the maxil- 
lary molar alveoli (ib. 21), with a slight inclination inward. The greatest posterior depth 
of this cranial precipice is 6 J inches. 

At the junction of the alisphenoid with the parietal, near the bottom of the back 
wall, is a tuberosity. The diameter of the sphenoido-parictal part of the cranium is 4| 
inches ; that of the skull at the corresponding part across, or including the zygomatic 
arches, is 16 inches! The cranium proper, from this singular constriction, gradually 
expands as it advances to the superorbital part of the frontals. If the criiniul cavity 
concurred with its outer walls ill shape it would be triradiate, two corridors extending 
along the transversely extended and antero-postcriorly contracted occiintal part, and a 
third passage running forward from the mid line toward the tacc. But the singular 
depai'ture in the outer w^alls from the normal shape of tlic brain-case is mainly due to a 
vast rliploe of air-cells. The proper cerebral cavity maltes no outu^ard show, and it is 
insignificantly small in proportion to the entire skull. 

VicAved from below (as in Plate III. fig. 3), the condyles (2, 2) are divided by a deep 
notch; their lower ends descend a little below the level of the basioccipital (1). '.I'his 


presents a nigged triangular tract in advance of the foramen, the apex being continuous 
with a sJiarp ridge longitudinally bisecting the surface of the basisphonoid. On each 
side of the tuberous tract and ridge is a wide and moderately deep depression, extending 
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from the lower end of the occipital condyles forward to the ptcryfijoid plates or poak'iior 
aperture of the nares. These “ baaioccipito-sphonoidal depressions ” arc bounded laterally 
by a small tuberosity, by the inner surfaces of the occipito-petrous prominence, and hy 
a ridge inclining mesiad to the hind part of the base of the pterygoid ])lutc. 

The basioccipito-sphenoidal part of the “ basis cranii” is inches in length, and B 
inches in breadth posteriorly. Its plane forms with that of the “ basis facicn,” or bony 
palate, lengthwise, an angle of 130°; the basis cranii sinking, the basis faciei rising, as 
they advance. 

The fore part of the tympano-mastoid ridge (Plate 11. fig. 1, «, n) apjxmrs to form the? 
smooth flat hind wall of the articular surface for the mandibular condyle, unless tbe^ sepia- 
mosal should abut against the mastoid beneath the petrotympanic : the cranial boncjs of 
this part are evidently modified by original antero-posterior compression. This post- 
glenoid process or wall is inches transversely, and probably was of great vertical 
extent when entire ; it is directed from within outward and rather forward. The arti- 
cular surface has the same direction, and consists of a hind groove (Plato ill. fig. 3, //) 
and a fooiit bar, i. e. it is divided from before backward into a strong convc'xity and 
a deep concavity; both arc slighly concave transversely; in that dirc^ction the c'xtcnt 
of the surface is 3 1 inches ; from before backwards it tneasuros l/J inch, '.riu^ malar (a») 
descends to bound the outer part of the articular bar» to whioii it ('.outrihuto's a shari' of 
the articular surfaciJ. Tho outer end of the groove opens freely upon the basi^ of the 
zygoma, which it slightly indents; the inner end is l)lockod by tho desoending part of 
the rugged petrosal 

The palatal part of tin! ])n'maxilbn’l(‘.s (I*latc TIT. fig, 3, is fl'ibly concaw', 1 inch 
5 lines across at the interval hotwoen the sockiits of i-i and in, then contracting to a 
breadth of 1 inch at the middle of the diastema (ib. <’/) betwiicu tho incisors and molars: 
the length of this toothless ti-act is 2 inches 9 lines in a straiglit lino. It is formed by 
a well-defined ridge gently ciirviul inward until ncai; the socket of the anterior molar, 
which part of the alveolar tract bends abruptly downward, 9 or 10 line.s, Ixjlow th(^ 
ridge (Plate II. fig. 1 , ai, dti). The palate is deep transversely betwoon tlu) right and 
left anterior molars (Plate HI. fig, 3, d a, ai*), their interval in a straight line being 1 inch 
10 lines. As the palate expands its transverse concavfty decreases ; its greatest hriMidth 
between the penultimate molars {m a) is 2 inches 9 linos, Lo-ngtliwiso the iutcrjnohi,r ]iart 
of the bony palate (ib. 2 o*,ai*) is, anteriorly, gently concave, then convex, and again con- 
cave ; it extends about an inch beyond the last molars, is bounded Ixihinvl by a tlnck 
low rough ridge, a median forward continuation of which divides tli('. hack part of tho 
bony palate into two shallow rough depressions or channels leading outwards to b(;hind 
the last alveoli. The bony palate appears to be entire ; its length from the interspace 
of the alveoli of the front incisors (sa*) is 11 inches 6 linos, from between the alveoli of 
the front molars to tho hind border it is 7 inches 0 lines. 

The; huge and extraordinary zygomatic arches (Plates II. & III. 37 , so, ai) extend straight 
forward in parallel lines for more than half the length of the entire skull (Plato III. 
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figs. 2 & 3), then bend abruptly .downward and arch transversely inward to abut against 
the middle third of the alveolar plates of the maxillaries, a thick transversely extended 
process (Plate II. figs. 1 &: 2, 21 ') being continued downward from the angle of the inward 
curvature. From the hinder origin or “ pier ’’(a?) each arch gains, as it advances, a vertical 
extent of 4 inches 3 lines ; then contracts to one of 3 inches, again expanding slightly 
in the vertical direction, and greatly in the transverse one, before the inward twist to 
form the maxillary piet or abutment. The inner surface of the arch is smooth and 
slightly concave ; the outer surtace is rough, convex, and outswells into two large pro- 
tuberances, one at the part (e) anterior to that supporting the joint for the lower jaw, 
the other and larger (fig. 2,/) at the angle formed by the down-bending of the arch to 
the orbital floor ; the latter is most prominent and best defined. The floor of the orbit 
(ib. fig. 1, r) is of comparatively small extent, limited to the inner or mesial half of the 
inwardly bent part of the zygoma, of a triangular form, indicative, with the inner orbital 
concavity leading to the antorbital process (s), of the small relative size and low position 
of the eyeball ; with this position the foramen opticum corresponds. The extent of the 
anterior inwardly bent part of the zygoma is 6 inches. From the lower angle of the 
bend is continued downward the process ( 21 ') for an extent of 3 inches, with a twist, making 
its sides look forward and backward, its borders outward and inward. Its breadth is 2 J 
inches, its termination subtruncatc ; from its inner border to the alveolar part of the 
maxillary, betA\'ocn the penultimate and antej^enultimate molars, is 3 indies 6 lines, 
giving tlic span of the arch extending transversely from the anterior root of the zygoma 
to the masseteric, process, the end of which reaches below the level of the upper grinding- 
teeth (Plate II. fig. 1, 21 '). The anterior root of the zygoma is three-sided: one, the 
upper horizontal surface, forming the floor of the orbit, has a fore-and-aft extent of 2 
inches ; the anterior and posterior surfaces converge to a thick lower border, which is 
above the interval between m 1 and m 2 , terminating about 10 lines above the outlets of 
the sockets of those teeth. The antorbital foramen (ib. 21 ) is vertically elliptic, 10 lines 
in long nnd 6 in .short diameter, situated 1. inch 0 lines in advance of the orbit, and about 
2 inches above the outlet of the anterior molar (d a). The antcro-posterior extent of the 


maxillary alveoli, in a straight line, is 7 inches; their outlets describe a gentler convexity 
dowmvard as well as outward, the right and left scries diverging from the anterior pair 
to the fourth and incurving slightly at tlic last pair (Plate III. fig. 3, d u, m ;>). The 
outer roots of the contained molars cause corresponding prominences of the sockets, 


giving an nndiilatory surface to that part of the upper jaw (Plate II. fig. I). This 
extends, perhaps in conjunction with the palatine bone, about an inch beyond the last 
molar, with an upwai’d slope. 

The breadth of the hind part of the palate Inne is 3 inches 3 lines. The posterior 
na)-e.s form a triangular aperture, uith the ba.se above the palate, 2 indies 3 lines broad, 
theticc contracting as it extends ohliqiusly iqiward and bacbvard to a point at the fore 
end of the hasi.sphenoid ridge ; the length of the aperture from this point is 4 inches 
6 lines. The apentuve is bounded laterally by the pterygoid plates. 
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If, i.is in the skulls of Mammals generally, we regard the part anterior to the orbits 
as the facial divisi(3n, which is often the longest, the corresponding part in Notothemm 
offers the strangest and most anomalous form and proportions in the mammalian class. 
It looks like a mere pedunculate appendage to the rest of the skull. Instead of tapering 
to the end, as is usually the case, it expands forward from its base of attacliment both 
vertically (Plate II. fig. 1, u,ii) and transversely (Plate III. fig. 2, lo, au"). The vertical 
diameter at the base, or from the depression at the root of the nose to the fore part of 
the maxillary alveolar process, is 4 inches 9 lines ; tlie same diameter at the for(; end, 
from the tips of the nasal bones (u.) to the first incisive alveoli {i i), is 6 inclu^s 0 line's. 
The breadth of the face at the outsides of the antorbital foramina is 2 inches 0 lines ; 
the same dimension across the nasal processes of the prcmaxillaries (aa«) is (I inches. The 
length of the facial part of the skull from the antorbital foramen (Plate 11. fig. 1, ai) to 
the fore part of the premaxillary (sa-) is 5 inches 8 lines. 

The nasal hones (ib) appear to expand as they advance, chicliy transversely, for four 
fifths of their extent, then abruptly contract, from their outer borders, to terminate in 
a slightly deflected obtuse apex : their mesial suture appears to lie in a longitudinal chink 
or dopression at the anterior third (Plate III. flg. 2, ib), but the chink does not extend to 
the conjoined apices. The eiders of tlio most expanded part of tho external nostril, con- 
tributed by tho premaxillaries, swell into low and large, rather rough, tuberosities (aa") ; 
between these the upper surface is almost ilat, like a platform. 

The premaxillaries (jia), which unite with the nasals (is), as m (ITato JI, 

fig. 3) and PJmcolomys (ib. fig. 4), send their nasal processes upward, otxtward, m\d 
forward, wlierotlu'y ex])5UidaTid toi'iiiinatc;, each in a tuberosity wliich projects below and 
a little in adviraco of the one above ratiutioiuHl. T'hos(» tub('i’ositi(iM, with tluf jiu'sial pro- 
mincijce of tlu.' apices of tluj nasals, give a trilobate cJiarncter to the uppcjr boundjiry <')f 
the {'xtorvral boiiy nostril in Nutothanmi (fig. 2), exaggerating tliat in (tig. 4). 

The premimllari('s (a^) contract and descend, below tho niisul pi-occsscs, lus vortical 
plates; slightly expanding again, below, to form tlie alveoli of the incisors, es|)ocially of 
the larger anterior pair : the outer surface of these alveoli apyx'avs to have been cojirwly 
rugous. The inner walls of the alveoli rise, conjoined, as a vertical plate of Ixnu', 
3 inches above the outlets, and extend backw'ard iu close ooutact to form or support tJuj 
beginning of the “ septum narium.” The space between the premaxillary septal ])lates 
and the superiiicunibcmt ends of the nasals is little more than an inch, wliicli gives tlie 
vertical diameter of the nostril at that pai’t ; its transverse diameter is 4 indues. The 
antero-posterior extent of the alveolar part of the premaxillary is 2 inches 6 liricis. The 
fore-and-aft diameter of the outlet of the first incisor is 1 inch 2 lincjs; the transv(‘rsc 
diameter is 10 lines. The outlets of the smaller second and third incisors are subcir- 
cular ; each has a diameter of 6 lines. 

The cranial characters above described from casts, drawings, and photographs, I have 
been enabled to test by actual fossils of portions of the upper jaw and skull. 

The first- of these is a fragment of a right maxilla with two molars (m «, ma) in situ. 
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It shows part of the front pier of the maxillary arch, including its posterior surface, 
which si)rings from, the alveolar plates on the vertical parallel with the interval between 
the two lobes of i, at its lower end, and extending as it rises with a curve convex back- 
ward to overhang part of the hind lobe of the same tooth. Sufficient of this maxillary 
zygomatic process remains to exemplify the difference between Notothermn and l)i 2 >ro- 
todon in the antero-posterior extent or thickness of this “ pier it is characteristically 
greater in the smaller Herbivore, and of itself would save the palceontologist from 
being led astray by the close general resemblance of the upper molars of Notothermn 
with those of Biprotodon. The present fragment being from a young specimen, the 
dental lobes show well their vertical curve concave forward, and the transverse curve of 
the edge of the wedge concave backwaixl. I availed myself of this fragment to expose 
the front roots of the anterior molar and the hind root of the posterior molar ; but thest‘, 
with other dental characters, will be noted in the section on the teeth of Nototlierimi^ 
The present specimen afforded the subject of ffg. 8 in Plate IX. : it shows a part of 
the convex roof of the alveolar tract which projects into the orbito -temporal vacuity, 
and the contiguous groove for the superior maxillary nerves and vessels. 

• The second cranial specimen is a larger proportion of the left maxilla with three 
molars in situ (d^m\,m a), part of the socket of the first {d a), and the base of the. crown 
of the last (m a) rooted in its socket, 

A ]>oi-tioii of the bony palate extends with a slight upward curve, inward, from the 
sides of the? sockets of d s, d j, and more distinctly inward from those of m \ and m^. A 
breadth of 1 inch 0 lines is preserved (opposite d 4 ) : the fracture reduces the breadth to 
6 lines as it extends backward to the alveolus of m ». So much as is preserved of the 
bony palate confirms the inference of the' entireness of the bony roof of the mouth 
deducible from the cut and photograph of the entire cranium, as far back at least as the 
sockets of m 3, right and left. The hind part of the origin of the zygomatic process of 
the maxillary is here at the vertical parallel of the interval between m i and m 2 , con- 
sequently rather further back than in tin? former fragment. The worn surfaces of m i 
and in 2 show the present to have come from an older individual, as will be sul)s('fiu(Mitly 
poiut(t(l out in detail. An extent of 3 inches of iJk? massive maxillary ])iev, as its origin 
extends fi'om bcliind obliquely uiiward and forward, is here preserved; tlie thickness of 
the pro(’.CKS.s is 1 inch 3 lines. Tlic height of the alveolar process or tract at the last two 
molars’ is 2 incljos 9 lines. The transversely convex or arched roof of these sockets is, 
relatively, less broad and prominent than in the Wombat; its extent and proportions 
resemble more the corresponding part in the Kangaroo, conformably with the common 
character ot‘ threo-rooted teetli of limited growth, which contrasts with that of the large 
undivid(?d bases of the corresponding molars in Bliasoolomys, retaining their formative' 
matrices, and making a proportional prominence outside the “ superior maxillary chan- 
ncil." Tliis channel in Notothermn describes a curve convex outward as it courses 
forward to perforate the antorbital part of the maxillary and emerge upon the outer 
surface of that bone (as the ‘ antorbital foramen,’ 21 , tig. 1, Plate II.). 

MDCOCLXXn. H 
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Tlio tlxii’d portion of the sknll of Notothermm iiicliuh^H part of the right maxillary 
with three molars {d 4, m i, m a) in sU% and part of th(i right palatine hone (l?latc IX. 
figs. 0 & 7). The teeth are more worn than in the preceding spocimeii : the fossil is part 
of an aged individual ; the teeth, moreover, show a superiority of size comxxared with those 
of the last described fragment, answering to the difference one sees between the molars 
of the full-grown male and female Kangaroos. 

The hind surface of the maxillary pier of the zygomatic arch here lies vcn'tically 
parallel with the fore half of the front lobe of ms: an extent of mch(is o lines is 
preserved of the origin of the i)ier as it jxasses forward and ujxward, whore the fraefure of 
the maxillary traverses the interval between the sockets of d a and d 4. Tlui b{)uy palate 
arches upward and inward from the iimer walls of the sockets of m i and m in as great a 
degree as from those of the socket of d 4. The extent jxreserved, hi a straight line from 
the outlets of the alveoli, is 2 inches. The palato-maxillary suture begins at the inner 
or mesial fractured surface of the bony palate ojiposito the hind lobe of m i ; ncair tht^ 
interval between m i and m a it extends outward and backward with an oblhpxc curve t<» 
near the inner side of the outlet of the socket of 7n a. Its relative position to the molars 
agrees with that of the pedato-maxillary suture in Flmoolomys latifrom ; in Mkeroyim 
laniger, the suture begins, mesially, at the transverse parallel of the interval between w a 
and m a, at least in an example with those molai's in place and use. 

Tlie pidatliK! bone, lik(.5 tlii', maxillary alv(M>hir tract, luis been broken at the part 
bdiiiid '//la, 1;lio bi'ojid single posterior root of wJii<;U is (’xposod. But at the iVuctured 
suifacc of the palatine there occurs, just o])posito or parallel with the back part of //la, 
a. small tract of the natural smooth unbrokim surtace of tlu^ palatijui, iudicetiug a p(>ste- 
rior palatal vacuity, on the parallel of m a, as in ikiamdonv/js. TJie thickm'ss, vi'i tically, of 
the fore i)urt of the bony palate hero preserved is I inch, of tlie hind part half an iiidi. 

In the younger, probably female specimens, the same admeasurements give 0 lines and 
2 lines. 

Contrasting the difference of size, shape, and relative position of so much of the max- 
illary zygomatic process and bony palate as is preserved in the two .spcc.imoiis just 
described, one is at first inclined to deem them to liave come from diffijrcut species of 
N^ototherium; and three species of the genus are indicated by tnaudibiilar chiiractorH. 

But in reference to the progressively backward extension of the zygomatic [U'occ's.s of 
the maxillary, this may be . coincident with the progressive growth of tlio alveoli' of the* 
hinder molars, as these teeth come into use; in like manner, as iboir crowns art*, jiusbod 
down to the line of wear in the ratio of the abrasion of their wedge-shaped ridges, so 
.'the alveoli will cling to and follow the roots, growing as they lengthen, and giving a 
curve or concavity to the palatal surface not present or needed in tJic loss worn condi- 
tion; ef m i, m a, and m a, in younger individuals. 

. evidences of the cranial characters of Fototherium we may safely 

proceed? tb ^brmg' them out, or add to their saliency, by comparison with those in other 
extinct and in easting Marsupialia. 
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The skull of Nototheriwm is shorter in proportion to its breadth and depth than in 
iJiprotodon, and differs in the singular way in which the maxillary or facial part is bent 
up upon the cranial part, exemplified in figure 1, Plate IT., and by the angle, before 
noted, which the bony palate forms with the basis cranii. The shortness is mainly due 
to that of the antorbital extent of the skull ; the diastema between the incisors and mo- 
lars is relatively as well as absolutely less than in Di^rotodon. The Notothere resembles 
the Koala (ib. fig. 3) and Wombat in the small proportion of the skull in advance of 
the orbits ; the Diprotodon is more like the Kangaroos in the length of this part. The 
terminal expanse and lateral tuberosities of the upper half of the bony nostril is a pecu- 
liarity of Nototlieriim ; but it is instructive to note them in both Phascolarctos and 
Phascolo 7 ai/s (Plate II. fig. 4) ; the fore part of the bony muzzle is expanded laterally 
by an outward swelling of the front border of the premaxillary (ib. sa) where it joins the 
nasal (ib. le). 

In the form, especially breadth, of the external nostril the Notothere resembles the 
Wombat, while the Diprotodon is more like the Kangaroo in this respect; but no 
Icnowii existing Marsupial shows the septal plates developed from the premaxillaries at 
the entry of the nasal passages, as in both Nototherium and Di^rofodmi. The Wombats 
make the nearest approach to this peculiarity. 

The Notothere surpasses the Diprotodon in both the absolute and relative size of the 
zygomatic arches. This difference is very strildng when a front view of the cranium (as 
in figure 2 of Plate II.) is compared with the similar view given of the Diprotodon’s 
skull in Plate xxxv. fig. 2, in the Philosophical Transactions for 1870. 

This most extraordinary feature in the cranial organization of the present large ex- 
tinct Herbivore leads me to submit the following remarks. 

The zygomatic arches are relatively stronger and wider in Proboscidians than in 
Ruminants and Solipeds ; they are widest and thickest in the bilophodont Dinotheres, 
the temporal fo^m being of corresponding capacity. Still more developed are these 
arches in the Manatees, the Tapirs, and the bilophodont Megatheres, especially in 
the v(.'rti.cal extension of the bone giving attachment to masticatory muscles. It would 
seem that, the working of opposed double-ridged grinders retiuircd greater strength 
and more direct horizontal pull of the masseteric muscular fibres than the working 
of the more complex but fiatter molars of the Ox, Plorse, Rhinoceros, or Elephant. 
T'he phytophagous Marsupials have the grinding-surface of their many massive molars 
raised into prismatic cones or transverse ridges, and their skull is remarkable for the 
great strength, size, and span of the zygomatic arches. The descending process from 
the fore and under part of the arch, for extending the origin of the premasseter muscle, 
adds to the zygomatic complexities and characterizes the Fo 'ei)haga among existing Mar- 
su])ials. This ostcological feature is not found in any gyrenccjphalous Herbivore; but it 
exists, with a different relation to the constituent bones of the arch, in tlie lisscncephalous 
Sloths, Megatherioids, and Ghptodonts. In the Nototlicres the zygomatic development 
reaches its maximum, with tlie dependent process extending from the maxillary element 

11 2 
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of the arch as in other Marsupials. The muscular force operating on the mandible, both 
for biting and chewing, was very great, indicative of unusual resistance in the alin unitary 
substances to be ground down. The grip of the front incisors brouglit by the shortness 
of the face and jaw within the power of the crotaphyte muscles in a degnui proportioiud 
to the proximity of the inserted movers must have been like that of a vice. 

, § 3. The Mandible. A. Nototherium Mitohelli . — ^'Thc mandible (l*late IV.) discovered 
in the bed of King’s Creek, a tributary of the river Condamino, Darling Downs, wliich 
was purchased of the collector by Mr. BmiAMilT Bovd, and subsequently, with the vm 
of Mr. Boyd’s collection, acquired by the British Museum, is from tlu^ same forjuatiou 
and locality as the skull above described, which fell into Mr, Isaac’b hands. 

This mandible agrees so closely, not only in the shapes structure^ and other charactesrs 
of the teeth, saving the difference of upper and lower, but also in the dimcmslous of these 
and of the proportion of the jaw-bone preserved, tiiat it might well liave been part of the 
same individual ; it certainly belongs to the same species. 

Comparing the type specimen of Nototherimn Mitchelli^ with the answ(jrable 
part of the above-mentioned mandible, the corrcspoudoncc in size aiul configuration 
is such as to support the roferciico of the proHOUt more complete .spt^ciinen to that 
species. 

The depth of the mandible behind the last molar is 3 inches 0 linos in the first 
doacribed, it is 3 inches 3 linos in the present sptudmon; the tUickm^sH of tiu^ mandible 
below the last molar is 2 inches 0 lines in both specimens. Tlu^ antoro-posteriov extent 
of the two last molars in the original fragment with mutilated crowns is 3 inclu^a 4 Hues ; 
in V .«■ ^.1 mandible (Hate IV. figs. 1 &: 2 ; Plato X. figs. 1 & 2, m it is 

‘iincjiCvS li .lines; i'rom the back of l;b(^ last molar to tiui (.aitry of tlu^ dental canal (Plate 
fig. 2, o) ivS 2 inclu's 1) lines in botli .s]j(?cimens. The place and dtigrcje of indection of 
tlic under margin and angle of tlie jaw (ib. a &. d) are the same in both. 

Referring on these grounds the mandible (Plate IV. figs. 1 & 2)^ to Nototherium 
MitcIicUi, tU(.* cranium and upper jaw answering to that lower jaw must bo rofbri'cd 1;o 
that ^spocios, 

The mandible in question consists of the two rami mutilated at both imuIs, hut fortu- 
nately retaining their natural confluence at the fiyrn|)bysis, of which a loiigitndiniil <‘xt(nit 
of 3 inches 8 lines is preserved (ib. figs. 2, 3, ,v) ; this gives the iiugle (jf diviugeiice of 
the horizontal rami from the place of conflnciicc (ib. id.). .It shows that tlie interval 
between the right and left mandibular condyles agreed wdth that bi^twcim tlu^ articular 
cavities in the skull (Plate III. fig. 3, g, y ) ; and tliat the distance of the condyle Crom 
the fore part of the first molar (d a) was the same as that, viz. 12 inches, from the fore 
parf of the first molar to the joint for the condyle in the upper jaw. 

; ; ; Sb;f]au(}h of the ascending ramus as is preserved, which closely corresponds with that 

same oblique direction of the curve (Plate IV. fig. 1, a, //, d) 

Mammals of Australia, <feo,,” in Iloport of tho British Association &c. for iy(}4, 
p; 13; pi. 4) p. 42 (mjord). 
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by which the lower border graduates into the hind one of the rising branch: the curve 
cliangcs slightly on rising to the level of the alveoli, being then feebly concave above 
the anterior inflected part of the lower margin ; it becomes convex where the border is 
again inflected, and above this the hind border of the ascending ramus, after contracting, 
expands transversely, apparently to support the condyle. The angle or anterior inflection 
(d, d) is but slightly bent inward, with a thick and smooth border ,* the longitudinal extent 
of this inflected part is about 4-J inches, closely repeating, as far as it is preserved, the 
characters of the more perfectly preserved angle of the type specimen (Cut, fig. 1, d, d)*. 
An oblique longitudinal wide and shallow channel intervenes on the inner side of the 
ramus between the inflection (Plate IV. fig. 1, d^ d) and the low tuberous termination f 
of the postalvoolar ridge (ib. & fig. 2, t), about an inch and a half behind the socket 
of the last molar {m a). This channel is continued backward with a partial interruption, 
caused by the forward extension of the inflected angle or hind border of the ascending 
ramus (Plate IV. fig. 2, e). This part is broken away in the type specimen. 

In no part of the oblique channel (ib. h) occupying and mainly forming the inner 
surface of the ascending ramus of the jaw is there any trace of inlet of a dentary canal ; 
in this respect, as in the somewhat unusual position of that inlet or entry, the present 
mandible agrees with the type fragment}. Some nerve or vessel has left its impress 
along tho middle of the channel, but has quitted it for contiguous soft parts without 
penetrating the bone. 

'fhe outer surface of the ascending ramus rises from the line of the anterior inflection 
{i) with a feeble vertical concavity, speedily changed to a convexity curving outward to 
the thick obtuse lower boundary (Plate II. & Plate IV. fig. 1, 4) of the ectocrotaphyte 
deprosslon (ib. /). The fore part of this depression is formed by the corresponding part 
of the rising ramus (ib. and fig. 2, q)^ which commences opposite the hind part of the 
last molar (m a), and at a distance outside it of 1 inch 3 lines. The base of the “ coro- 
noid” plate (Plate JV. fig. 2, q, h) describes a curve, concave outward, of which base an 
extent of 5 inches (in a straight line) is preserved. The process is broken off in both 
rami ; it avus thickest at th(^ fore part of its base (Plate IV. fig. 4, q), whicli bc're gives 
hiilf no inch. 'I'lie dental nerves and vessels groove the inner and back part of tho base 
of the eoronoid Ixdbvo penetraling it obliquely in the same position (at o, figs. 1 & 2) as 
(hat in tho types pee.inu'n (Cut, 3, o), 

llotW(?,ou th.c postintenial alveolar process (Plate IV. figs, 1, 2, t) and the base of 
tlio eoronoid processes an irregular shallow channel (ib. ? 7 .), narrowing as it passes back- 
ward t,() the dental canal (o). ' ’^I.'hc depth of the mandibular ramus at the back of the 
last tooth-sock(.‘t is 4 iuches, the thickness of the ramus at the fore part of the origin of 
the ci)i-()uoid process is 2 inches 0 lines. 

Tlu^ int(‘rs])ac('. between the right and loft last socket is 3 inches 6 lines. The breadth 
of the mandilde, taken anterior to the origin of the eoronoid process, is 7 inches 8 lines; 
whence? tJio jaw gradually ox])aiids to the condyles. We may estimate its breadth at tlie 

* Op. cH. yil, 4. figs. & y, <i. t Loc. cU. figs. 2 & 3, &. 


i Lqc. cit fig. 3. 
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outsides of these, from the cavities (Plate III. fig. 3, g, 2 ?) receiving them, to have bo(ai 
1 foot, or thereabouts. 

The outer surface of the horizontal ramus (Plate 11. fig. 1, 32 , g) is smooth, very convex 
vertically where it advances from the ascending ramus, but rising with a alight con- 
cavity to the outlets of the sockets; the convexity subsides as the jaw advances and the 
surface ascends more vertically to the outlets of the three anterior molars (ib. d 3, d 4, 
m ij, but it continues the vertically convex curve to the lower border. Tin? thickness 
of the ramus before inbending to the symphysis is 2 niches; its height where it joins its 
fellow at s (Plate IV. fig. 2) is 3 inches 5 lines. At the lower and back part of the 
symphysis is a transverse roughish crescentic depression (Plate IV. fig. 3, v) for inustMilar 
insertion. The general longitudinal lay of the outer surfacjc of the horizontal ramus 
is a feeble convexity forwards as far as below the second molar {d! 4 ), whore it bt‘gins 
to change to a concavity leading on to the symphysial part (fig. 1 , 3 a- containing, 
anteriorly, the sockets of the incisors. On the vertical parallel of the fore part of the 
first molar socket, about halfway between the upper and lower borders of that part of the 
ramus, is an outlet of the dental canal (ib. 32 ) ; it is subcircular, 5 lines in long diametiT. 

The inner surface of the horizontal ramus (Plato IV. figs. 1 & 2, i) sinks sluasr belo%v 
the outlets of the last socket, and with a alight v<;rtical convexity from that of the penul- 
timate molar; it is at first fiu’bly coiieavt*, then to the back part of tlu^ Hymphysis, 

and the surface.^ is uni/bruily concave at tluj upper part of the symphysis (ii>, (ig. 2, 
between the three anterior sockets of the right and left sides. Tluj longitndinnl lay of 
the inner wall of tlio I’iimus is f(^(.*,bly convex ])ost(?riovly, (‘banging to a. coaeavity deep- 
ening into the back and npiKU- i)art of the symphysis. This jiinelion of tln^ riglit and 
left rami is completely ossified witliout a tnic(^ of the primitive st'paratiou shown in 
Plate VI. figs. 2, 3, 4, 5, 5', s* ; herein contrasting sUongly with thcj condition of the 
joint hi the Kangaroo f. 

The hind surface of the symphysis (Plate TV. figs. 2 & 3, .v), vertically convex and 
smooth, is on the vertical parallel with the back lobe of third molar {m i), near, but not 
quite extending, to the interspace between its socket and that of tlu^ iburtli molar (m 2 ). 
The upper surface of the symphysis (ib. fig. 2, s) betw(jcii the tlivee anh'.rior medlars 
{m i, diy d a) is a rather deep smooth longitudinal canal, th('. margins of which btjgin to 
be encroached on by a diastemal ridge (ib. 7c), continued forward from the sock(‘t of d, 
with a slight enrve convex inward. 

The antero-posteriov extent of the five molar alveoli is 7 inches 6 lines. The breadth 
of the anterior division of the first socket is S-J lines, of the posterior division 5 lines ; 
the depth is shown in the jaw of the young Nototherimi (Plate VI. fig. 6, 1). The 
sockets of the other molars increase in breadth to the anterior division of the last, which 

J inch 1 line across. The alveolar plate rises in an angular form at the intervals of 
and at those of the diverging roots of each tooth on both outer and inner 

. vf : OV^, Osteology of tho Maraupiulia, * Anatomy of Yortel»rates/ vol, ii. p, 360. 
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At the fractured part of the symphysis are parts of the bottoms of a pair of incisive 
alveoli ; that on the left side gives a transverse breadth of 9 lines and a vertical one of 
about 1 inch ; but the lower wall is broken away from the base. A still smaller por- 
tion is preserved on the right side. 

The indications suffice to show that the incisors were not developed as tusks, of size and 
proportions fitted for ofiensive or defensive purposes, as in Diprotodon ; their base and 
socket not extending backward beneath any of the molar alveoli, at least in the adult. 
Not more than an inch and a half of the toothless part of the symphysial end of the 
lower jaw has been preserved in the present specimen, and that only on one (the left) 
side. 

Accepting the evidence from size and proportion in the preserved parts of the present 
mandible and its dentition, in proof of its appertaining to a full-grown individual of the 
same species as the skull above described, the length of the part of the lower jaw with 
its incisors, in advance of the molar series, can be estimated and restored from that of 
the premaxillary and its incisors anterior to the molar teeth in the upper jaw. This 
estimate gives from the fore part of the anterior molar socket of the mandible to the 
tips of the pair of lower incisors an extent of at least four inches and a half. 

Complete as is this lower jaw compared with previously received specimens, including 
the one originally described, the relative extents of the sockets and protruded parts of 
the lower incisors would have remained to be determined. 

Fortunately a mutilated mandible, but with the symphysial end nearly if not quite 
entire, h.as beem received by the Trustees of the Australian Museum, Sydney, and a plaster 
cast of this specimen has been prepared and transmitted, with their characteristic libe-., 
rality and promptitude, to the Trustees of the British Museum. 

In this specimen an extent of the jaw forming the sockets of the pair of incisors 
(Plate V., k, «), 2 inches 6 lines anterior to the first molar (ib. fig. 3, 3 & s*), has been 
preserved ; but at this distance, the incisors with, perhaps, some small part of the fore 
part of their sockets have been broken off. The symphysis dwindles vertically and trans- 
versely to the condition of mere sheaths of the two approximate teeth, such sheath in 
no part of the fractured surface exceeding three lines in thickness, and where the bone 
comes nearest to the fracture it thins off to a fine edge (ib. fig. 4). As far as a cast can be 
trusted, part of the natural outlet of the sockets is shown below the teeth (ib. fig. 2 , «'). 
the alveolar wall having extended further forward at their upper partf. 

The vertical diameter of the fractured or partially fractured end of the symphysis at 
the mid line is 1 inch 6 lines ; the transverse diameter is the same. The broken sur- 
face, including the roots of the incisors (Plate V. fig. 4, nat. size), is of a subquadrate 
form, with a mesial groove above (s’) and a slighter one below. 

The lower contour of the mandible is continued, without interruption, but with gra- 
dual loss of convexity, from the inflected border (fig. 1 , d) to the outlet of the incisors (i), . 

t Seo “Memoir on Diprotodon,*^ Philosophioal Transactions, 1870, Plate xir. fig. 2, s, vhero the same form 
of incisive alveolar outlet is shown in tho mandible. 
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At the upper part of the symphysis the ridge (fig. 8, of which the l)ogiiniiug or 
liiud part was noted in the description of the ]}receding speeimen (riahj IV . figs. 1 & 4, /'), 
is here seen to converge toward its fellow for the extent of an inc.h, then to he (5on- 
tiniicd straight forward, broadening and subsiding. The pair of ridgos form the sides 
of the smooth channel (s*), grooving the upper surface of the syni|diysis, and gradually 
shallowing to the fore end. Posteriorly the channel rapidly widtms to the iuternioiar 
space, then gradually expands, preserving or gaming depth to tht.' hind border of tin? 
symphysis (s). Tlie entire length of this confluent tmet of the maudihular rami is 
5 inches 10 lines ; the thick rounded hind border is on the vculical paraihd with the 
hind lobe of the third molar (m i). It is satisfactory to find tliis character of the funner 
mandible of Nototherkmi MitchelU (Plate IV. fig. 2, s) boro rc})eate(l. The under part 
of the hind end of the symphysis shows the insertional de])ress(Hl surface (Platte V". 
fig. 2, v, V, of similar size and shape to that in the subject of Plato IV. fig. 8, v). 'ilie 
symphysis is subcompressed anterior to the molars, but the truusvevae dianietc'V dimi- 
nishes lc‘.v> griidiinlly l.liiiu the vertical one. 

The present mandible is of a full-grown and, from the wear of the tcuith, ratluu' aged 
individual. The last three molars and a portion of the second an' in place in the right 
rarnus : the fb'st, second, and part of the third molars rcmiain in so much as is presm'VtKl 
of the left ramus. 

The fore-and-aft extent of the molar alveoli in (1 inches 10 lim's; tliat of llui thnut 
hindmost is 6 inches 2 linos. I give this mcasnremimt:, as well as (h(^ iinst, to show tlu^ 
(dose c<)rres))oudtu'i(!(' in size of the present with the |)r(!(:(‘diiig mujidlhlc of KofoUn nmn.'. 
the pi’cseut speeimcji is ratluir smaller; the bom* is r;U.)u‘r move slender; the vertical 
diameter, for example, of the rajnus anterior to the fovemnsl, molar-soclvet is 2 iuches 
4 lines, in the subject of Plate IV. it is 8 incht's; tlu' vertical dijnn('t(!r behind IIki 
socket of the last molar in tlio subject of Plato \'. is 2 inclu's 10 lituiS, in tlia,t of 
Plate IV. it is 8 inches 9 lines, in the tyL)e jawf it is 8 inclies 8 lines. AYith the closcn* 
conformity in the molar scries, I infer tin.' ttioj’c slcnd('r pT'oportions of the ])r(.‘.seut man- 
dible to be sexual, and to indicate its having come from a fVmnihj Nototlw'n'.. 

Bather more of the base of the. coronoid ju’ocess (Plates V. ligs. 1 .•), y, u) i.s licre 

preserved than in the subject of Plate IV. ; it occupiers the same proportion, and si sows 
the same shape and curve as in that jaw; the dental canal p(.'rronit('s its hind part in 
the same position and with the same obliquity. The postal vcolar proctjss, bi-olteu as in 
the former mandible, and as it usually is in these Australian fluviatik^ fossils, holds 
the same relative position to the last molar tooth as in the luale jaw. The smooth, 
oblique channel between the fore part of the coronoid and the last alveolus has a breadth 
bf 9' lines in the female, instead of 12 lines as in the male specimen. The anterior 
infected -angular border repeats the characters of the part in that si)eciincn, but is not 
exceptionally perfect condition of the part in tlic typo mandible^ gives con- 
vainahle evidence of this character. 

■ ■' t"': Jtoc. *, .and Out, fig. 1 


X Loc. cit . ; and Cut, fi*'-. 1 , t/. 
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The commencement, an inch above the anterior angular inflection, of the posterior 
inflected margin (Plate V. figs. 1 & 5, a) and the corresponding outswelling at the outer 
part of the ascending ramus (ib, fig. 5, h) indicate more definitely than in the first 
described mandible the part from which the neck of the condyloid process has been con- 
tinued. The breadth of the back part of the jaw here is 2 inches 2 lines. 

The anterior outlet of the dental canal is, as in the former mandible, on the same 
vertical line as the fore part of the first molar ; but it is placed rather lower down : it 
is of similar size and shape. 

A third example yielding N'ototherian mandibular characters is also from the fresh- 
water deposits of Darling Downs; it was discovered at Eton Vale by Edwabd S. Hill, 
Esq,, and was presented to the British Museum by Sir Daniel Cooper, Bart. It is part of 
the left ramus of an adult and seemingly male jaw, and includes the sockets of the last 
three molars with the penultimate and last of these teeth in place, but mutilated. It 
retains a similar proportion of the ascending ramus to that in the two preceding jaws, 
but with more of the fore part of the base of the coronoid process. The vertical dia- 
meter of the ramus behind the last molar socket is 3 inches 9 lines ; the thickness of 
the jaw below that socket is 2 inches 7 lines. 

From the hindmost socket to the orifice of the dental canal is 2 inches 8 lines. The 
postalveolar process with the base in the Nototherian position is, as usual, broken away, 
like most projecting parts in these rolled and transported drift-fossils. The fore part 
of the coronoid rises to 1 inch and 9 lines above the dental orifice, but at that height 
has been fractured. 'Ehe antero-poaterior extent of the two last sockets is 3 inches 
6 lines, as in the first described mandible, with which all the other characters of the 
present specimen correspond so far as they are shown, I refer it, therefore, to a large 
old male of N'ototJieritm MitclielU. The marks of torrential action are very plain in this 
water-worn fossil : it is massive and heavy from some mineral infiltration. 

A fourth rolled and mutilated specimen from the same locality, contributed by the 
same liberal donor, retains the last three molars and the socket of the second, with 
the hind part of the symphysis, showing the same vertical relative position to their 
molar {m i) as in the former specimens of I{otothenum MitclielU. Tlie teeth, so far as 
they are preserved, agree in size, shape, and proportion with those of that species. The 
ascending ramus has been broken away behind the last alveolus and the beginning of 
the base of the coronoid process. The dental canal is here exposed an inch below that 
part of the process, and half an inch from its outer side. 

The fore-and-aft extent of the three last sockets is 5 inches 5 lines. The depth of 
the ramus at the interspace between the last two sockets is 4 inches 2 lines in a 
straight line; below the interval between the penultimate and the antepenultimate 
molars it is 4 inches 3 lines. In the first described mandible the same admeasurement 
is here 3 inches 9 lines ; in the type jaw it is 3 inches 7 lines ; in the second and sup- 
posed female jaw it is 2 inches 10 lines. Between this and the mandibular fragment 
under description the difference of depth of the horizontal ramus seems too great for 
mere sexual variety^ yet the three last molars are not at all larger than, or in any appre- 

MDOCCLXXII. X 
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ciablc clegioc diffoient from, tlioac in llio subjoci of Plab' V. Bui, besides the gm'^ler 
depth, the outer burface ol the jaw is lather loss convex v<'rtk*nlly lanusitli the thud 
molar (nii) than in the tlnec' pietediug specimens. Ncweitln'h'bs I cannot feel tliat I 
have grounds for propounding any distinction of speeitie value For the Notothoie yielding 
the present fossil. The fiactuie through tlic' hind part of the symphysis cvmiplifics 
the complete bony continence of this part, and the non-(‘xisteiie(‘ thei(nu of th(‘ wide 
alveolus of a largo bcalpriform tusk. The tiMUsvcrsc fracture anterior thmeto <it the 
in tcival between the fiist and second molarb expow's tlu' dental eaual, of 4 lines dia- 
meter, situated 2 inchob below the outlet of th(» boekc't, and IJ inch above tin* lower 
surface of the sympliyHis. 

The fifth mandibular specimen of Notoi/ienum Mitclwlli is from the freshwati'r beds 
traversed by Gowrie Creek, Darling Downs; it was there collected by HifiNRV JfuoirnH, 
Esq,, by whom it was presented to the Naiural-iristory Bociedy of Woreestex. This 
specimen is chiclly valuable for the more perfect axid Icvss worn condition of (‘(‘ituin oi 
the molar tooth. It consibtb of a light rxiiniis mutilated (as most of Ihesi* fobsils from 
river-beds are) at both ends, The relative pobition of the hack pari of tin* byinphysis 
and of the entry of the denial canal, with tin* geiu'nil size and pro])ortions of tin* best 
prc'scrvcd parts of tlxo ramus, sliow the bpccimen to have belonged to the 
Mitihollii and it agie(‘s most clostdy with tin* more perfect mandible in the Auslraliaii 
Museum at Sydney, which I have refein'd to tin* femah* ol‘ that Hp(‘ei(*s. 

The subject of Plato VI. is an instructive bpecim<‘n of a mandibular ranuiN and den- 
tition of a young Notothorc; it was tvausmittccl to me, in 1847, by tin* eulei prising 
and unfortunate explorer of Australia, Ludwju JncicnnAituT, to whom I had h('(*n pre^- 
viously indebted for the account of the geology of the locality yielding this and other 
remains of extinct Marsuxiials, which was communicated to the Society in a former 
Memoir*. 

I incline to refer this specimen, from the size of the incisor and of the three anterior 
molars, to Ifotothenum MitchellL The generic indications in the present fossil will be 
noted in § 4, on the teeth of Wotoilimwm : the characters of the bone exemplify mainly 
those of immatuiity. It consists of a right ramus, which, being figured of the natural 
size in Plate VI., precludes the need of noting dimensions. The anicro-posterior extent 
of the three anterior molar-sockets will be seen to agree with that in the mature man- 
dible, Plate V. 

The ascending ramus has been broken away, exposing the formative alveolus of the 
penultimate molar (figs, 3 & 4, m a) and the like cavity at an earlier stage of the last 
molar (ib. m s). Provision has been made in this cavity for the lodgment of the anterior 
lobe of a tooth of equal transverse diameter (3 4 lines) with that of the tooth {m a) 

^ largest examples of the present species. The dental caxxal 
®?|>osed by the hinder fracture presents a semiclliptio form, 9 lines transversly 
ApMlnei before backward. The canal undermines# as it were, the shell of the 


i: — 

* “ HammaLs of Australia, Part III. IHprotodon austtoMsf Ow,,” PMlosopMcal Trausactious, 
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last formative alveolus, and it contracts as it inclines toward the outer wall of the ramus 
in its forward course. 

The contour of the lower border of the ramus from the hind fracture to the sym- 
physis (figs. 1 <& 4, s') is a more open curve than in the adult ; it is feebly interrupted 

between the inflected border {d) and the hinder inflection or angle a ; the slight con- 
cavity between d' and a being less apparent in the adult jaw. The ridges (fig. 1, 7i, 
bounding the ectocrotaphyte depression (/) are naturally feebler, less pronounced, in this 
young jaw ; the base of the anterior one (fi) rises from the transverse parallel of the 
hind lobe of the penultimate molar (m 2). The postinternal angle of the formative 
alveolus of the last molar appears to represent the postalveolar process of the mature 
mandible. 

The oblique channel (answering to ii, in figures of the adult jaw) between the coronoid 
and postmolar processes here runs from that lodging the fore lobe of the penultimate 
molar to near the middle of the outer part of the interspace between the lobes of the 
antepenultimate molar (m i) ; it thus preserves its general relative position to the last 
grinder “ in place” and use, and doubtless was still more advanced when m 1 was “ en 
germe.” 

Such changes in the relative position of parts, and differences of general shape, of the 
mandible in the adult and young Notothere are dependent on, or concomitant with, 
the growth called for to sustain in action the full complement of teeth in the adult. 
No inference of specific difference can be deduced from the relative position of the hind 
part of the “symphysis maiidibulaj” (i) in this young jaw to the front lobo of the second 
molar (d 4) ; because the socket of that tooth would move forward in the course of growth, 
whilst the symphysis extended its grasp of the fore parts of the two rami prior to the 
ultimate obliteration of the syndcsmotic joint in the adult. At the present immature 
stage this articulation remains. The surface (fig. 4, s*) is vertical, flat, with roughish 
rugae, mostly directed from above downward and forward, gaining in prominence, through 
deepening of the intervals, along the lower third. It seems as if confluence had {ilready 
begun at a small part of the u])pcr and posterior border of the articular surface, such 
portion having been broken away from the left ramus and hvft adherent and seemingly 
confluent with the right one. Behind the lower part of the posterior border of the 
symphysis is the flattened, rough, slightly depressed surface (fig. 2, v) for muscular 
insertion noted in the older specimens. 

The shallow indent or concavity dividing the inflected parts of the horizontal (d') and 
ascending (a) rami has a more advanced position and a direction more approaching 
the horizontal than in the mature jaw : in Plate VI, fig. 4, a-d' is shown to be below 
the interval between the penultimate and last molars and parallel in extent with the 
contiguous lobes of these teeth. The inward extension of the bone at a, fig. 4, represents 
a resumption of the inflection of the lower margin of the jaw at its hinder part, from 
which resumption the bone thins off to be continued backward into the thickened part (^), 
which contributed to support the broken-off condyle. 

i2 
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This character is retained, but is better marked, in the adult inandiblo of NoiMmum 


Victories from South Australia (Plato VII.) ; but tln^ incisor tooth in that si)cci(\s has a 
smaller and more advanced soclcct than in the present immature jaw, which in this more 


important character agrees with JSfototherkm MitchdU. 

In the removal of the part of the outer wall of the ramus in (picst of a possible 
germ of a premolar or vertically replacing tooth, tlie base of the socktit of tlui incisive 
tusk (Plate VI. fig. 6, was shown to extend beneath the first tnolar {d a, 1) as far as 
the septum, dividing the; socket of that tooth from the next, lodging d i. 


The base of the incisive socket makes a feeble prondn(;n(;o at its upper and inn(;r side 


at the hind third of the plate, sloping to the sympliysial articular surface. T'he direction 
of the socket and of its contained incisor is that of the long axis of the symphysis. 

The outlet of the socket (figs. 1 & 4, 1 inch in advance of that of the foremost 


molar, is suhciuadratcj, 7 lines in vertical and 0 lines in transvcrH(; diameter. The ante 


rior outlet of the dental canal (fig. 1, aa) holds the same relative position as in the first 
described jaw of IVotothomm MUoJielli. 

The general depth of the pr(;sont young jaw is of course much less, relatively to the 
crowns of the teeth in phic(*, tlian In the adult. 


I have been favoured by the Trustocs of the Australian Musinim, Sythujy, with pho- 
tographs and a plastcur cost of the left ramus and buck part of tiu; syuipliybis of the 
mandible of a mature IVotothormm from the frcssliwatca* di'posits ofVDarliug Downs. 

It includes the series of five alveoli of its si<U;, tin; hist tlircu; of wliu;h su))p(M’t lln'ii; 
teeth, which arc rather more worn Uian in "Mr. llucaii'ts’s «p(;cimeu, and rather less so 
than in the mandible figured in Plato IV. 

The longitudinal extent of the five alveoli is 0 inclu;s 9 lines, us in Mr. IIuoj lias’s 
specimen ; that of the last tliroc molars is d inclujs 0 lines, but the hind talon of the last 
molar seems to have bcenhrokoii away; were it entire, as in the first-described mandibh;, 
the three teeth would occupy an (extent of 5 inches. The inner wall of tbi^ crown in 


each of the three molars has been broken away; but they appciu* to liavo (;(pialle(l. in 
breadth those teeth in the subject of Plate V., or the female mandibular sjaiciiruai. 

The inflection of the lower border of the jaw begins, as usual iji i:he adult, on tlie 
vertical parallel with the socket of the last molar ; the hind part of the symjdiysis extends 
to the vertical parallel with the fore part of the third molar {m a). 

The vertical diameter of the jaw below the last molar (m ;«), taken at the outer wall of 
its alveolus, is 3 inches 2 lines; that taken at the third molar (m i) is 3 inches 1 lino. 

At the fractured fore pai‘t of the cast is plainly shown part of the bottom of the socket 
of the left incisor, with its longitudinally striate and finely rugous surface. There is not 
enough of the cavity preserved to show that the missing part (almost the whole) of the 
8b5^1^e|.and incisor diifered in shape or direction from those in the subject of Plate IV. 
fig. 

A^Shg, ;to ,the extent to which this cast does, with that of the more complete man- 
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dible of the inferred female of Wototherimn MUeliell% in every particular in which the 
comparison can be instituted, I am unable to point out any character whereby it can be 
referred to a different species ; and I doubt whether a scrutiny of the original specimen 
would have supplied indications of such distinction. 

Mr. Krefft has favoured me with a pencil-sketch of the base of the incisor (Cut, 
fig. 2, i\ of the natural size, from the original fossil, showing the exhaustion of the pulp 
in this tooth of limited growth. 

B. Nototherium Victories, Ow. — In the specimen of the Mg. 2. 

left ramus of the mandible (Plate VII.), liberally trans- 
mitted for my examination by direction of the Trustees 
of the Museum of Natural Plistory in Adelaide, South 
Australia, more of the ascending ramus is preserved than 
in any of the foregoing specimens ; and there are differ- 
ences which deserve to be interpreted as specific. 

The specimen was discovered by Mr. Tilgatb, of Went- 
worth, South Australia, in freshwater deposits near Lake 
Victoria, in iiat colony. 

Tlio posterior orifice or entry of the dental canal (fig. 2, o) 
is on a levc.l with the outlet of the last alveolus :i), not 
p(nforatiTig the bas(i of the coronoid above that level as in 
JVotothermm Mitohelli, The inflection of the lower border 
(ib. d, d\ &) begins on a vertical parallel with the hind lobe 
of the penultimate molar (ma), and terminates a little 
behind the vertical parallel of the last alveolus, before 
the horizontal ramus bends upward into the base of the Fracturoasympliysisofjaw,'with 
ascending ramus. After a subsidence for the extent of baso of broken incisor, KoMheriwu 
an inch and a half, the lower border again begins to be 

inflected, suddenly (at ae), and to a greater degTec than at any part of the more posterior 
inflection in Wototherimn Mitohelli (Plate V. fig. 1, a). Tlic second inflection in th(‘ 
present species, at first as thick as the anterior one (viz. 5 lines), quickly thins oft' as it 
recedes to a plate of 1 line in thickness {e) ; which, after the course of about an inch, 
suddenly expands to form the thick inner part {n) of the broad posteriorly flattened 
hind surface of the ascending ramus, supporting the condyle (c). Much of this joint is 
broken away, but both the outer and inner beginnings of its base or “ nock ” remain, 
together with the entire extent of the base of the coronoid plate (fig. 1, q, r), the 
summit of which is also wanting. The concave platform (fig. 2, u) between the fore 
part of the coronoid process and the postalveolar ridge and process has a breadth of 
about an inch and a half ; the process, as usual, has suffered fracture. 

From the back part of the last alveolus to that of the base of the process is 1 inch 
5 lines ; from the same part to the dental orifice (o) is 2 inches 2 lines : the dental 
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canal runs obliquely forward ,* only tlio two anterior thirds of the orifice ar(5 defined by 
a sharp border ; the diameter of the orifice is 4 lines. A groove (fig. 2, p) of the same 
breadth, and about an inch and a half in length, runs forward along the under and inner 
side of the orifice (o ) ; this groove has a sharp inner bordcu’. A paralhd ridge is directed 
from the hack part of the dental orifice whore it is broadest, backward, becoming nar- 
rower as it recedes, and subsiding an inch and a half from th(5 orifi(;e. 

About 3 inches, following the curve, of the back part of the base of’ the coronoid (r , /') 
are preserved ; its commencement from tlie neck of the condyle (r) is rais(ul much above 
the horizontal plane of the molar alveoli : the plate hero is thin, hut its margin is obtuse 
or rounded; at the hind part of the fracture (/') it shows a thiclaioss of 2 linos; as it 
advances it gains one of 3 lines ; as the anterior border desctiiuls it gradually increases 
ill thickness to 6 lines, near its obtusely romnhid basal beginning. This (fig. 1, as 
usual, rises, huttress-like, fi-oin. the outer wall of the mandible, on the transverse parallel 
of the mi cl die of the last alveolus, and about au inch and a half lower than the outlet 
of that socket. The course of the base of the coronoid u])ward and backward is with a 
slight outward concavity at its anterior half, and is them level ; its extent is 4 inches 
9 lines; the anterior border of the process is gently convex, to the (^xt< 3 nt (4 inchcH) to 
which it has been preserved. 'Che breadth of so mucih of the condyle (c;) as is prcjHCU’ved 
is 2 inches 3 Hiujs ; the outer portion shows a small part of the articular surface, convcix 
from before backward, 

Tlie ecfcocroliuphyh^ de])re.ssloTi. (fig. 1.,/) is smooth and shallow ; it is divided from the 
lower iiiflocitod part of tlui a,sceudiug iutiius by a change of contour of the smooth outer 
surface, forming a broad convexity v(n'tically; hut this hecomes, as it recfHlos, nitluu' 
more prominent, tliiumn', and slunvs a rouglumod, as it W(;re worIU-c^aton, sviriac.o ((ig. 1, h), 
and, from a slight inflection at its termination towards tlic hack surface of the ascemding 
ramus, it there indicates the fore-and-aft extent of that part of the jaw as giving, viz. 
from the fore part of the base of the coronoid, Cinches. It is possible tliat a smuotlKw 
surface of the hind prominent outer and lower boundary of the ascending rumiis may 
have suffered some abrasion in the fossil. There is no perforation of the orotaphyte 


The symphyaial end of the present ramus has been broken away at tlui for(,; part of 
the second alveolus, exposing part of the anterior root of that tooth (iig. 4, d i), and a 
small part of the bottom of the incisor’s socket (i). 

The antero-posterior extent of the last three molar sockets is 4 inches 10 lines ; a thin 
plate rises to form the outer wall of their outlets. 

The inbending of the inner surface to form the hind part of the symphysis begins at 
the vertical parallel of the middle of the tliird molar (fig. 2, s, nti). The lower part 
of the symphysis shows a pair of transversely crescentic insertional depressions, concave 
backward (fig, 3, % v). The depth of the ramus at the interval between the third {m i) 
ani'fpurth (w ?) sockets is 2 inches 8 lines : in. the female (^ of I^ototlieriim Mitchelli 
it is ^ inphesi* in the male (1) it may attain 3 inches 10 lines. 
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The symphysial joint in Notothenum Yictorm has become completely obliterated in 
the present full-grown specimen; a dense, minutely spongy tissue is included in a thin 
compact crust of bone. 

The inner wall of the alveolar outlets does not rise so high as the outer one ; it thins 
off to an edge closely fitting the contour of the base of the crown of the tooth ; the 
inner side of the horizontal ramus (fig. 2) at once descends with a gentle vertical con- 
vexity, interrupted beneath the last and part of the penultimate sockets by the concavity 
due to the inflected lower border (d, d'). The depth of the inner side of the ramus 
behind the fifth (last) socket is 2 inches 9 lines ; in Nototlienum Mitchelli it is 3 inches 
6 lines. 

The portion of the base of the incisor-socket exposed by the anterior fracture (fig. 4, i) 
gives a vertical extent of 1 inch, a transverse breadth of 4 lines. The bottom is smooth ; 
the side-walls worm-eaten, with a tendency to longitudinal striation. External to this 
part of the socket, about a line’s distance, the dental canal is exposed, of a subcircular 
section, 3 lines in diameter ; about the same thickness of the osseous tissue divides it 
from the outer surface of the jaw. Two inches behind this part a small orifice pierces 
the outer surface at the same distance below the middle of the outlet of the alveolus of 
the molar (m i, fig. 1). 

The colour of tlic fossil above described from the deposits nctir Lake Victoria is a rich , 
brownish yellow. The osseous tissue is massive, the bone heavy, but does not adhere to 
the tongue. The minute cancelli are vacant, not filled up by mineral matter. The dental 
canal contains the easily displaced lacustrine deposit. The Nototherian fossils from 
Darling Downs are either of a deeper and duller brown colour, as in the first described 
jaw (Plate IV.), or of a greyish mottled stone-colour, as in the' tMrd and fourth speci- 


0. N'ototherium inerme^ Ow. — The fossil (Plate VIII.) on which the s^ooioBNototherium 
Inerme is founded consists of a left ramus of the lower jaw, mutilated and abraded as in 
most of the specimens from the ]ivor-b(^ds and deposits of Queensland. The base of the 
coronoid (fig. I,/), with the; entry of the dental canal (fig. 3, o) and part of the iiiilccted 
angle (ib. <?), remain at tli,c hind end of the specimen, and the back part of the sym- 
physis (figs. 2 & 3, s) terminates the fore end. The symphysis does not extend back- 
ward beyond the vertical parallel of the fore half of t]je second molar {d •»). The dental 
canal (fig. 3, d) begins near the level of the molar, and 1 incli 9 lines behind the last 
alveolus. In the type mandible of Nototlierium Mitchelli^ as in the subjects of Plates 
IV. & V., the orifice of the dental canal is raised above the level of the grinders, and 
is 3 inches behind the last alveolus ; yet the antero-posterior diameter of that alveolus 
is less in Nototherium Mitchelli than it is in iV. i/p,erme. The specific difference of 
N. inerme from both N, Mitchelli and V. Yictorios is also shown in the relative position 
of the symphysis to the fully developed molar series. The absence of any trace of inci- 
sive alveolus at the fractured part of the symphysis indicates the tooth to have been 
relatively smaller, still less of the character of a tusk or weapon offensive or defensive ; 
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whence the specific name originally suggost(j(l by the present fbayil*. The (Icjpth of tht' 
horizontal ramus is relatively loss than in Notothemmi MMchelli, and (liminlshcs in a 
greater degree toward the symphysis. The vertical diaracdc^r at the back part of the 
symphysis is 2 inches in Notothemmi inmine ; in N. MHahelU it is 2 inches 10 lines ; 
yet the fore-and-aft extent of the four last alveoli is 0 inches in the tbrmor and 6 inches 
7 lines in the latter, the same specimens which afford the difference of di^pth of ramus 
yielding the latter admeasurement 

The longitudinal extent in which the lower border of the ramus is inflected (fig. IJ, d, d!) 
equals that in Nofotherium Yictoriw ; it is also interrupted at a similar part, but appa- 
rently less abruptly. The dental canal (fig. 3, o) pertbrates the smooth ridge or longi- 
tudinal rising of bone leading from the postmolar process toward the back ])art of the 
rising ramus, and, as in o'^qx Nototheria and in the I)i^)rotodo% does not communicate 
with any canal leading to the outer surface of that ramus, as is the case in Idumokmiys 
and the Poe^Jiaga. The anterior outlet of the dental canal is below thti position for the 
socket of the first molar (d a), which socket would seem to bo obliteratcid and tlu) tooth 
shed earlier than in Notothenmi MitohelH (^r in N. Yietorim* In the forward slope of so 
iriucli. as is preserved of tlie postcTior nuirgin of the ascending ramus and its uniuter 
ruptod continuation with tlic (’.(uivex c\irvat.uro leading to the symphysiH, in the prestuice 
and position of tlu; i)o.stJm)lar process, in the position of the base of the coronohl proct*HH 
oKterior to tho liindmost molar, in t)n^ tliickncsM of Ihc ramus and tlm con- 

vexity of its outer surlace, the ])vescut jaw (ixomplilit's its a*scjnl)iunct; to tlmtiii Phffm)- 
lomya ; but it differs in tho abs(iuce of tluj deep excavation on the onlsnU^ of the ascemliiig 
ramus, and in the inferior dcptli. of tho inner concavity duo to the inferior extent tif tlu^ 
inward production of the angle of the jaw, which marsupial c-harachn’ reaches Us maximum 
in the smaller existing Poephagous and Klii/.ophagous families. 


D. Comparison of the Mandible . — In comparing the mandible of Nototherimi with that 
of the chief difference relates, as might ho surmised, totlu^ cfiiicf dental one, 

viz. to the development, in the larger marsupial Hcjvbivore, of tlu; mandibuliir iiuasors 
into deeply implanted scalpriform tusks. The part of the jaw supporting and wk'.lding 
these instruments . is accordingly both deepened and widoiu;d in iMprotodon, and it is 
also, on an obvious mechanical principle, strengthened or rendered more massivt; by the; 
presence of the pair of subsymphysial tuberosities f , of which there is no trace in JVb^o- 
therium. The horizontal ramus in the smaller extinct genus is loss deep in proportion 
to its breadth or thickness, and it loses depth at the- symphysis instead of gaining it 
there, as in I)iprotodon%. Consequently the lower contour of the horizontal ramus 
presents opposite curves in the two genera; it passes to the symphysis, describing a con- 

and a convexity in Nototherium. These differences are more 

of tlie Poasil Mammalia &o. in Mua. CoU. Surg./ 1845, p. 314, 
t T^olBOpl^’oal, ,,Tra^ «On tho Foaail Mammals of Australia,’* Part III. tom. dt, PI. xxxv. 

t IhM. PI. ixH fig.; i, s; and compare PL aan. fig. 2, with Plato VIII. fig. 3 of tho present Paper. 
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marked in the adult than in the young animals, becoming more conspicuous in 
Bijprotodon as the incisive tusk acquires its adult proportions. 

In all the Nototherian mandibles the lower border is inflected at two parts ; the one 
in the horizontal portion, the other in the ascending portion, or “ ramus.” It may well 
be that this character, which is not present in Kangaroos and Wombats, may be pre- 
sented by l)i;protodon^ when a perfect mandible of that animal is obtained ; but if the 
fore part of the inflected border shown in the subject of Plate xlii. fig. 2 (Phil. Trans. 
1870) be the beginning of an anterior inflection divided by a non-inflected tract from 
the posterior inflection, which represents the inflected angle in Macro^pus and JBhasco- 
lomys^ such beginning is more posterior in position, more nearly where the angular 
inflection begins in Nototherkm. In the adult jaw of W ViotoricG (Plate YII.) and in 
the immature one of K MitchelU (Plsite VI.) the whole extent of the anterior inflection 
(d) is shown ; only, in the adult specimen, the free border has suffered. 

The orifice of the dental canal is raised to a level above that of the summits of the 
last molars in Mprotodon, The largest of the species of Nototherium differs little in 
this respect; but in ISf. Yictorim and V. inenm the orifice. is brought down to, or near 
to the level of the alveolar outlets. In the smaller existing herbivorous Marsupials it 
is placed still lowcj’, being hidden in an excavation which does not exist in the extinct 
pouched herbivorous giants. 

Of the position of the condyle we can speak only as it is indicated in Nototlmiim 
Victorw. Here it is raised high above the level of the molar series, as in all herbivorous 
Marsupials, but not so much raised relatively as in Di^jrotodon. 

In the curve by which the coronoid process advances and rises from the fore part of 
the neck of the condyle, Notothenum resembles Fliascolomys more than it does Mam'opms, 
in which the process rises in almost a straight line obliquely forward to its pointed apex. 

§ 4. Dentition^ — ^The dental formula of Nototherium^ as of FijprotodoTii is ^ ^ 

m 28. The homologies of the molars with those of diphyodont Mammals are 
given by the symbols da, di, mi, m s, m a, by which those teeth in the present paper 
will be signified as they range from before backward*. 

The upper incisors, i i, ia, i a (Plate II. fig. 1, Plate HI. fig. 3), follow one another in 
the same direction in each premaxillary, the foremost being tlie largest mul the sole pair 
visible in a front view (Plate I. fig. 2). Tlie right and left series run nearly parallel, 
slightly converging posteriorly ; the greater interval between the right and left incisors 
of the second and third pairs is due to their smaller size, and their outer surface ranging 
with that of the larger exterior pair (Plate II. fig. 3, ss"). In the old JSfototherium Mit- 
chelli the first incisor does not project beyond an inch from the socket, the crown being 

* In my Memoir on Nototherinm (Qiiartorlj' Journal of tho Goologioal Society, vol. xv. 3859), T state, in 
regard to those molars, that “ tho first appears to ho a prcmolar and tho rest truo molars” (p. 371). I am now 
able to adduce [Plato VI. fig. 6] cvidonco that the first tooth is tho homologuc of d a in Mucroims, and has no 
vertical successor =jp 3. 

MDCCCLXXII. K 
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directed downward very alightly forward and outward. H'lu' outirc loolli (Plato IX. 
figs. 1 &2) is d inches 1 line long in a straight lino, 1 inch 7i lines in the gv('aiest 
(fore-and-aft) diameter, which is jihout the middh' of the root, 10 hues in great(‘st trans- 
/erse diameter. 'L'he enamelled crown (ih. %. 1, c and 1, h) is I inch in hnigth, bevelled 
off, chisel-wise, from before upward and backward, and shows tin* partial u])j>liea,tion of 
mamel usual in such tec'th: the free margin on tlu‘ outer side of tin' crown (lig. 1,/;) 
extends further back than that on th<' inner sid(‘ (tig. 1, 6'), and is slightly ovt'rted; it is 
:ilso thicker than on the even inner border. 'Fhe bnnuUh of the iDK'uainelled hack part 
3 f the crown at its base is O J liiu's. Owing to the diiii'reuce in ('xtcmt of ('iiamel on th(‘ 
ndcs of the crown, the abraded surface slopes from without inward and baekwanl, as 
./oil as from before ux^ward and hacjkward. The enamel is | of a lino in thif'kneswS at 
;he outer side of the crown ; the whole outer surfaces is smooth. Th<‘ crown is broadly 
jonvex antcnioiiy, rather flatter on the inner than on the oiiha* side. The rout is thieldy 
covered by cement, and increases in cv(n 7 dimension, chiefly from htdbre backward, as it 
‘occdcs from the crown, until at a litth' below its mid length it attains thti dimensions 
■bove given ; it then diminisln's to tin' x>nlp end. Hlio outer side begins to h(‘ im))n'Hst*d 
jy a longitudinal shallow channel about an in<jh and a half below the cj’own ; and this 
jhannol increases in breadth, but not in dex>th, l)(‘Coming, imbu'd, shallow('r lunir the 
Dulp end of the root. On the mtwr side (%. 1) the longilndiiuil chuniud begins soiiw'- 
vhat nearer the crown, and sinks (hHjper as it nniedes, Ix'shles b(‘eoming wid(‘r. 

.ooth is compressed and gently recurved, the front maj’giu deserihlnga greater convexity 
.cngthwisc than is the concavity of the hind margin; th<' root cf)ntracth to an antero- 
posterior diameter of 1 inch 3 linos; it is slightly cx<!avatod by the shallow j'emnant of 
bo pulp-cavity (tig. 1, a). The breadth, owing to the opposite lateral channels, is least 
il the middle of this end, where it contracts to 3 lines ; the pari anterior to this gives 
X breadth of lines. 


Thus the first incisor in Notothenum differs from that in Diprotodon not only in 
size, both relative and absolute, in curvature, and in shape, but in structure or in 
kind. It is not scalpriform, not an ever-growing tusk with the enamel continued to 
the widely open base, but is a tooth of limited growth, consisting of a well-defined 
crown and fang. In this character the Fototherium resembles the ICangarons, whilst 
the Diprotodon shows the Wombat or Kodent type of incisor. 

Of the second and third incisors of NototheHv/m^ nothing more is known to me than 
may be inferred from the sockets indicated in the cast of the skull now at Sydney, 
These seem to show that Ifototherivm, like Bvprotodm, had them of similar and small 
si^e f the third not having its enamelled crown longitudinally extended and trenchant 
a$ many Klangaroos. The longest diameter of the crown would appear to have been 
6'c^|7 lines. 

Of the molars of the upper jaw I have, of N'ototheriim MitchelUf the second, third, 

^ portion of the left maxilla ; the same teeth (d if nUf m a), more 
word, in:a piOttion of the right maxilla of an older and larger Notothere ; and the third 
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and fourth in situ in a fragment of the right maxilla of a younger specimen. The entire 
molar series of both sides is shown in the cast of the skull iii the Australian Museum 
(Plates II. & III.), and the left series in the cast of the left maxilla of another individual, 
probably female. Photographs of both these specimens, now in the Museum of Natural 
History, Sydney, New South Wales, have been transmitted to me, with the sanction of 
the Trustees of the Museum, by the kindness of the able Curator, Geeaed Keeppt, Esq., 
Corr. M.Z.S., &c. 


Of Notothemm inerme I have the entire molar series of both sides of the up]->er jaw ; 
and I infer, from a lithograph of “ Australian Fossil Eemains” sent me by Mr. Keefpt, 
that the Museum at Sydney possesses a similar specimen. 

From these materials the characters of the upper molars of the present genus can be 
satisfactorily given. 

The scries of five molars in the entire skull [Plate 11. fig. 1, Plate III. fig. 3 (reduced), 
Plate IX. figs. 3 & 4, nat. size] occupies an alveolar extent of 7 inches 2 lines; it 
describes a slight convexity downward and also outward, the right and left series con- 
verging anteriorly (Plate III. fig. 3) in a rather greater degree than in Di^rotodon. The 
interval between the anterior lobes of the right and left last molars (m a) is 2 inches 
3 lines; tliat between the first small molars (da) is 2 inches. As in Diprotodon^ the 
inner end of the front lobe of each two-ridged molar projects inward beyond the inner 
surface or contour of the antecedent tooth ; but the hind lobe does not project so far 
beyond the level of the front lobe of the succeeding tooth as in JHprotodon. 

The first upper molar (d a) may be said to he two4obcd, but is divided in an opposite! 
direction to that in the rest of the series ; viz. into an outer and an inner, rather than a 
front and a back, lobe. The working-surface is sub triangular in form, the angles 
obtusely rounded, measuring in fore-and-aft extent 1 inch 1 line in the male Nototherimi 
MitohelU (Plate IX. figs. 3 & 4, dl 3 ) ; the transverse diameter, posteriorly, is 11 lines. 
The outer lobe or division i-s the chief one, and constitutes the outer two thirds and the 
whole f<)rti-aiid-.'ift ext(jut of tlif? tootli; the outer side of its base swells out like part 
of a cingulum or ridgcj; tlio siiuunit is suhcompnissecl, and seems to have been trituber- 
culatc! ; the inner and lower divisions consist of a larger hind tubercle and a smaller front 
one. On the wliolc'., thercvfore, the tooth approaches the subsectorial type of its homologue 
in tlie Koala (l^liancolMrctos, Philoso])hica] Transactions, 1871, p. 233, fig. 6 ,^) 4 ); it 
is implanted by two roots, one behind the other, the posterior being the largest and 
grooved anteriorly, as if preparatory to further transverse subdivision. 

The second molar (ib. ib. d 1 ) has a subexuadrate working-surface, divided into two 
transverse wcdge-shajied lobes (a. with an anterior (f) and a posterior (g) basal ridge ; 
the latter is the thickest, and devclopes a small tuberosity at its outer end. This ridge 
is continued upon the outer and inner borders of the hind surface of the hind lobe, and 
further upon the outer than the inner one. A short ridge closes the outer and inner 
ends of the transverse valley. The antero-posterior diameter of the crown is 1 inch 1 line, 
as is likewise the transverse diameter of the broadest part of the tooth. The direction 

K 2 
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of the summits of the two lohe.s is dowmviml and a Uttio forward ; they inin across tlu^ 
tooth rather more obliquely than in Di^yyofodou (Phil. Trans. 1870, Plate xx.MVir. lig. 2, 
d 4 ), but with a similar curve of the apical ridge slightly coucav(‘ backward. The hiss 
exposed enamel toward the bottom of the valley and near the basal ridges is punctate ; 
but generally the enamel is smoother and more polished than in Dipjvtodon. llus 
molar, like the rest of the upper ones, is implanted by two tr;iusv(irs(ily disposed ant(uior 
roots (Plato IX. %. 8 ), and one long transvorsdy extended posterior root. 

The third molar (Plate IX. %h. 3 4, m 1 ) has its ridgCvS ext(inded rather hjss oblhpiely 

than in cl . 1 , but more so tlian in m i of Diimtodon, The antero-postorior <liam(jter is 
1 inch 4 lines ; the transverse diameter 1 inch 3 lines. As the lobes are more entire 
they show better the curve of their summits, concave backward. The thicker anterior 
basal ridge (/) is continued at both ends upon the corresponding borders of the anterior 
lobe. The posterior basal ridge (y) is continued internally to the apex of the posterior 
lobe, gradually subsiding ; externally it curves upon tlui end of the lobe, and subsides 
halfway to the summit. 

The fourth- molar (Plato IX. figs. 3 & 4, a) shows a diminution of breadth of the 
hind lobe in a greater d(‘gre(' (luuj tlio (jor)-<\s])()udiug tooth does in iJiprotodon ; its fore- 
aud-aft ('xt(a»t is 1 incjli 8 lines, llie transverse breadth of the front lolu*. i.s, in tlu\ old 
male (iig. 7), ’I inch 7 lines; in the subject of %, 4, 1 inch (5 lines; that of th (5 bind 
lobe is 1 inch 5 linos, 'il'he inner end of eacii lobe is made tlii(}k<vr by a backward 
expansion, rather more marked in m a than in w u 

hi th(^ last molar (ITate TX. figs. the slightly abraded summits of the 

lohovS show the more vertical or st(‘.(‘.p(*r slope of their fore side, which is c(m\(;x 
transversely; also tli(i transverse concavity of th(^ hind sid(^, due to the scMJiniiig back\va.rd 
bend, Avith tbi(ikoiii}ig. of the outca: and iiuK'r borders, and tlie curving slope of tlio Ijiiid 
part of the lobes, wbicb gives them in profile a slight bend linward (fig. 3 , van) as in 
‘Diprotodoii: 

The fore-and-aft extent of this tootli is 1 inch 8 linos; the breadth of the front lobe 


is 1 inch 7 lines; that of the hind lobe is 1 inch 3 lines; it contracts more ra])i(lly 
to its summit than in JHprotodim. The posterior root of ma is slightly impresscal 
lengthwise at its back part, and deeply so at its fore part. 

The origin of the outstanding zygomatic process of the maxillary terminates poste- 
riorly opposite, or on a vertical parallel with, the interspace between the third and fourth 
molars. In one large old Notothere (Plate IX. fig. 6 ) it extends, as before observed, 
a little further back; in an immature individual its origin hardly extends backward 
beyond the middle of m This abutment against the upper molar alveoli is strengthened, 
as. the hind molars take more share in the work of mastication. The base of the process 
forward and upward as far as the parallel with the first alveolus. 

• of the left upper maxillary of Nototherium, with d 4 , and m », rather 

ihdri^JJ^(^, than in^t^ above-described specimen, exemplifies the same relation of the 
basdof ite iihalar rrocess of the . maxillary with the alveoli of the three anterior molars, 
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In not any of the upper molars is the anterior basal ridge (f) so large relatively 
as in Diprotodon. 

In the upper jaw of Nototherium Mitchelli^ in which the last molar had recently 
come into place and the enamel had been slightly' worn aldng the summit of the 
anterior ridge, the second molar showed the lobes worn down two thirds of the way 
toward the valley. In the cast of the right maxilla with the dentine exposed on the 
lobes of m o, those of d 4 are worn down to the shallowest part of the valley. In the 
oldest specimen of this species the grinding-surface of this tooth (ib. fig. 7, d 1 ) is 
reduced to a smooth field of dentine {d) and osteodentinc ( 0 ), with a peripheral boundary 
of enamel, e. This dental constituent does not exceed a line in thickness at this stage 
of abrasion. 


The dentition of the upper jaw of Nototlieriwm inerme is known to me by a portion 
of that jaw with the right and left series of grinders and much of the intervening bony 
palate ; but the premaxillaries and upper incisors are wanting, being broken away with 
the contiguous part of the maxillary close to the molar (d 3) ; and both this and the 
second molar (d 1 ) are mutilated on the left side of the jaw. The right series is repre- 
sented of the natural size in figure 5, Plato IX. 

The first molar is relatively smaller and less complex on the grinding-surface than is 
d i m. Wototherlum MitchelU (ib. fig. 4); the transverse and antero-postcrior diameters 
arc silike. Tluj outer lobe or division has one coronal prominence upon which a slender 
triangular tract of dentine is exposed extended antero-posteriorly ; a more equal-sided 
triangular tract is exposed on the shorter inner lobe ; an anterior and a posterior basal 
ridge bound corresponding dcprc‘ssion.s divid(;d by the confluence of the apices of the 
outer and inner divisions at the centre of the crown ; a short external basal ridge closes 
the concavity impressed upon the hind half of the outer surface of the crown. One 
cannot distinguish, with certainty, the worn enamel from the dentinal tracts in the 
plaster cast of the answerable tooth of Notothcrium MitchelU ; nor do the photographs 
help in this particular ; but both concur in demonstrating the differences of size, shape, 
and proportion of the anterior molar, which I judge to exceed those allowed to sexual 


or individual variation, without afibrdin 


g ground for inferring generic distinction from 


the modifications of d 3, represented in Plate IX. 


The more constant teeth {d i-jn 3) in figure 6 exemplify the Nototherian characters 
with the inferiority of size, corresponding with the little that is known of the present 
species. Nototherium inerme^ like Not. MitchelU^ has the hind lobe of the last molar 
conti'acted in breadth, and the antero-posterior extent of the crown is less than that in 
the opposing molar {m a) of the lower jaw. 

A greater proportion of the enamel of this worn grinder, in the subject of fig. 5, 
- Plate IX., shows the punctate rugous character than in the antecedent teeth. 

The specific character of Nototherkm inerme is well exemplified by the minor rela- 
■tive size of the anterior molar, d 3 (Plate IX. fig. 6 ), of the upper jaw, as by that of the 


incisor in the lower jaw. 
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Of the (Icutiiioii of this jaw, I coniiiK'ueo t;lu^ (hjscriptiou with those in that of tl,U‘ 
immature specimen of Notothcrrmif, IlitcfidH (Plate VI.), consistinf^ of the right 
ramus of the mandihle with the lirst throe molars in places the; ge'rni of a fourth, and 
part of the formative cavity of a lifth molar. The tip of a procumbc'iit incisor projects 
from a socket, close to the symphysis, whore siifHcictit of the cavity was (Exposed to 
show that it expanded as it sank in the suhstamxj of the jaw. 

Putting aside for awhile the evidence of th(' nature of this spocinum affonhxl by 
others since received from Australia,! believe it maybe of some inlercHt and instructivo 
noss to show how far its determination can he carried on tlio suptiositiou that it is the 
sole example of its kind. 

The mammalian character is soon at a ghuice by the complex crowns and rooted 
implantation of the molars, and by tlio simple condition of the ramus of tlu* jaw, as 
of one piece of hone. The nonage of the individual to which the jaw has belonged 
is recognized at the same moment. 

Of Mammalm corresponding in size witli the parent of a young one having its newly 
cut milk-s(;nos of tooth in a jaw 8 inches long, the numlxn* of g(‘uera is not great; and 
wc mnyhii excused for thinking that most of thosi; wliich ar(‘. now n^iueseiib'd by living 
species musi. he known. Of iIm'sc- ny<‘ should 1x5 hxl at onee to OuviEifs Pachyderms by 
the shape and size of ihe i.ei-ili of one young giant. The lm)ad comph'x crowns (jf lh(5 
nioh'.i-i ^hew iis herbivorous natviri^, Tlio Tapir alone exhibits tlu* hilophodout type of 
I in- seemni mid third milK-grlmlcM-.s, with the conical, partly tri'ucluuit, [lartly crushing 
sli:.ip(5 of tJic first ; hut it di'velojies, with tluisc in the mandible, eight smnll front teeth, 
of wJdcli. the outermost piiii' nri? cauiues, A Ilhinocoros of Sumatra or Java may show 
a pair of largo tusk-like lower incisors, but they are associated, iu thc 5 milk-dentitiou, 
with a smaller pair of mid incisors *. 

There is anotlier aud more significant dilfereuco whiclx present fossil evideiici^ of 
a larg(5 Herbivore pri'seiits iu comparison Avith a specimen of the same age, or witli the 
same phase of dtaititioii, of any existing llerhivoro. Jn tlu5 young Tajiir, e, g., witli throii 
deciduous molars in each mandihvilar ramus, ami the germ of the next molar lying in 
its formative cavity deeper and loss advanced than in the presiint fossil, the enamel 
has been worn from the summits of the first and second milk-molars so tar ns to expose 
tlm dentine, and it is abraded obliquely backward from the summits of both ridges of 
the third molar. 

So also in a young Rhinoceros in which the second and third milk-molars are in place, 
the first and fourth being still the enamel shows masticatory abrasion at the 
summits of the two chief lobes of and d ^. Corresponding signs of the assumption 
.of j^getable nutriment iu addition to that afforded by the mother’s milk are visible in 
■ and Ruminants with a stage of molar dentition corresponding to that 

. the fo under consideration. 

second, and third molars are well in place, and the 
• ;; • , * Ow®r's ‘ Odontograpliy,’ p. 691, pi 138. fig. 15, dil& 2, 
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basal ridges of the fourth have risen to the brim of the socket, the enamel shows only 
a linear trace of attrition on the ridges of the second molar (Plate VI. fig. 3, d 4, /i, with 
a very feeble trace on the anterior ridge of the third molar (ib. m i) ; its hind ridge and 
the crown of the first molar (ib. d 3) are untouched. The inference is that the young 
ITerbivore represented by the fossil derived a greater proportion of its nourishment from 
the mother, and much less from extraneous sources, than do the placental Herbivores 
at a corresponding stage of immaturity. 

In this respect the fossil repeats the molar conditions of a young Kangaroo {Macroims) 
at the same phase of dentition f. With this phase the existing marsupial herbivore has 
attained that size and strength as a denizen of the pouch in which it begins to protrude 
its head to crop, occasionally, a tender leaf or blade of grass while the mother may be 
browsing or gTazing. In the singlenoas and size of the sloping incisor, in the shape and 
proportion of the first molar (d 3), as well as in those of the second and third two-ridged 
grinders, d *, & m i, the fossil move closely resembles Macro;pus than any other known 
genus, whether marsupial or placental. 

I accordingly here pushed the comparative research a stage further, and removed the 
outer wall of the jaw, as in fig. 6, Plate VI., to sec if the large Australian bilophodont 
fossil carried its correspondence with Macrqpus to the extent of showing the germ of a 


premolar ( p : h-it of tooth there was no trace. The length and deep implantation 


of the two I'l;! 


■I’ d . . underlain by the expanded base of the procumbent incisor 


(ib. i*)i make it very improbable that such germ of ay) 3 could ever be developed in tin* 


species represented by the fossil. 


Thus the results of the above comparisons, independently of other evidences of Noto- 
fherium, would have led to the conclusion that the young Herbivore, notwithstanding 
its bulk, belonged to a group of Mammals in which the milk-dentition was not so soon 
brought into use for grazing or browsing as in tbe Placental series ; that it, therefore, 
was probably a Marsupial ; which conclusion the close concordance in number and shape 
of gvinding-tccsth with the largest existing Herbivore of that order (the Kangaroo) 
would liave put beyond doubt. 


The lower incisor, in the immature example, had pushed its tip, as has been said, 
about two thirds of an inch from the socket ; it is of a conical form, with an obtuse 
apex, wliich has been abraded for the extent of 3 lines (Plate VI. fig, 3 , ?'). The enamel 
coats the outer and under part of the tooth, bending up a little way upon the flat inner 
side, and in an increasing degree as the tooth expands (Plate VI. fig. 4 , e) : the enamel 
is not continued to the open base (ib. fig. 6, z*) as in Bijprotodm : the line of termina- 
tion is well defined. A thin layer of cement coats the rest of the tooth’s circumference. 
The fracture of the exposed crown of the tooth gives a subquadrate surface, longest 
vertically, with the lower and outer angle rounded oE The. two diameters are here 


t OwBN, Art “ Teoth,” Cyclopaedia of Anatomy &o., fig. 694, B ; and ‘ Anatomy of Vertebrates/ vol. iii. 
fig. 296, B. 

$ Philosophical Transactions, 1870, p. 639, fig. 4, p s. 
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3 lines and 6 lines ; hut tlie vertical ditmiotcr of the liollow hmo cjxcc^ods an inch, the 
length of the entire though incomplete tooth h(dng 2 iiich(^s U lines. It is diroctc'd 
obliquely forward and upward, at an angle of 14(f, with the lower border of the ramus; 
a rather less open one than in IHprotodon, 

The socket of thci first molar {d a) begins in this young jaw om^ inch behind the opening 
'>£ that of the incisive tooth, which gives the length of tlu^ diastema (ib. fig. 1, /■) at this 
itagc of dentition. The first molar has an anterior and a posterior lobe. T'ho front lol)(^ 
,s highest, and is a three-sided cone, with one angle in front and rather productul or ridgt*- 
ike; it is subcanaliculate internally: the two posterior angles are c(»n tinned into the 
hre and hind borders of the hind lobe ; this is transverse, low, fiat, incliiKHl from behind 
hrward and rather downward to the base of the front lobe. Both lobes are (convex 
)utwardly, and separated there by a shallow deprcssioti ; the inner side; of tluj tooth is 
nuch lower than the outer one. The fore-and-aft diameter of the crown is 0 lines, the 
;ransversc diameter posteriorly OJ- lim^s; it is implanted by two fangs (ib. fig. 1), one 
)ehlnd the other, and each 10 Hues in length ; the (uitire Icuigth of the tooth, vertically, 
,s 1 inch 6 lines. 

TU(i second molar (ib. d 4) assumes the two transversely ridgcnl or bilophodont type, 
die lobes being in the form of transverse wwlges. I'he anterior lobe is uarro’wiT trans- 
/ersely, bj-oodcM' from before backward tlian ibo posterior one. 'I’ho autidor basal ridge* 
,'/) k a, continuation of tlu5 sliglitly producc^d lore marghis of tbc! outi'r and imau* sidi's 
)f tbe front lobe, at tb(‘iv low(n’ (aids, into one another, defining below the slightly exca- 
vated surface on the fore ])art of tin* aiitiTior lobe, the enamel of which is finely rugous, 
'vom the junction f)f the basal ■with Ihe outer vc'.rtical ridgi?, a sindhir ridge is coiitimuid 
wurving downward and backward, and then rising upon tins posterior part of tlio outer 
surface of the front lohe (ib. fig. 1, a), defining ii})on that sui:fa,ce a fiiu'ly rugous ti'act of 
'.‘uamcl. Tbe inner side of the front lobe (ib. fig, 4 , r/,) has no such ridge. 'The liind 
surface of this lob(i is less dtdinitely bounded by a backward prominence of the outer 
border, and a slight vertical ridge or fold of enamel near the inner border, T'ho valley 
(//) bobveen the lobes has both the outer and imicv entry crosst^d by a short ridge, tbe 
outer one being the strongest. TJic posterior basal ridge (//) is tlie broadest; its outer 
aud inner ends bend up a short way upon the hind surface of tlu^ hind lobe. The line 
of initial abrasion at the edges of the two lobes is from above downward and backward. 
Both lobes present in profile a slight curve backward. The length (fore-and-aft dia-- 
meter) of the tooth is 1 inch 2 lines; the breadth (transverse diameter) of the front 
lobe is 9 lines, that of the hind lobe is 11 lines. It is broader in proportion to its length 
than in DipTotodon^. The anterior and posterior basal ridges are narrower, relatively, 
tHm in that genus. 

,-v^e .third molar (Plate VI., m i) has the two lobes of equal breadth save at the snm- 
dimension rather exceeds in the hind lobe : the front lobe rises higher 
one. The front basal ridge is continued more abruptly from the anterior 
* iPbilo80T)hical Transactions, tom. cit. Hate xi. figs. 2 (Sc 3, 4. 
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angle of the inner border of the lobe than in d 4, and it passes outward to the base of 
the outer end of that lobe, like a “ cingulum,” without being continued upward into 
the outer prominence bounding that part of the front surface of the front lobe (fig. 3, m i). 
This surface, as in the second molar, is finely rugous ; it is concave transversely, convex 
vertically. The cingulum rises to a point, forming an angle upon the outer side of the 
base of the anterior lobe (fig. 1, m i). The closing ridge of the valley is formed by its 
continuation backward from the angle, and is limited to the outer entry. The hind basal 
ridge {(j) is thicker than in d 4 . 

The two lobes are not on the same parallel, but rather “ en Schelon,’' the hind one 
rising more mesially or internally, and its inner and fore angle looking forward clear of 
that of the other lobe. The unworn summits arc more bent backward than in d 
The fore-and-aft extent of m i is 1 inch 6 lines ; the transverse diameter of the base of 
each lobe is 1 inch. 

In the partially exposed calcified germ of m 2 (ib. figs. 3 &: 4) the summits of the two 
lobes are not quite parallel, and the hind border of the hind lobe slopes more backward 
to a well-developed basal ridge. 

The smooth shallow cavity behind the alveolus of m a is plainly the beginning of the 
formative chamber of m 3 , calcification of which had probably not begun. 

I regret not to possess specimens of Nototlicrimn showing stages of mandibular 
dentition between that above described and the subject of Plate X. fig. 3. 

This specimen forms part of a collection of fossils from the deposits of Darling Downs 
made by Heney Hughes, Esq., and now in the Museum of the Natural-History Society 
of Worcester, to the Council of which I am indebted for the opportunity of examining, 
comparing at the British Museum, and figuring instructive evidences of extinct Austra- 
lian Mammals. The one which is referable to Notot'hmum is the right ramus of the 
mandible with the last three molars in situ, the fangs of the second and part of the 
alveolus of the first molar. The two fangs of the second molar (ib. d 4) show a fore-and- 
aft extent of at least 1 inch 2 lines for the crown of that tooth, with an extreme breadth 
of eight lines. That a still smaller tooth preceded it is indicated, as before remarked, 
by a part of its socket {d 3 ). The shape of that tooth, gcncrically distinguishing jS'oto- 
iJierium from Diprotodon^ is instructively shown in the preceding specimen (Plate VI.). 
The antepenultimate tooth, or third counting backward (Plate X. fig. 3, in 1 ), measures 
linch 6 lines in long diameter, and 1 inch 2 lines across the hinder lobe; the talon (//) 
at the back of this lobe is as well developed relatively as in the penultimate molar. The 
ridge (r) or production of the outer and front angle of the hack lobe obliquely toward 
the middle of the front lobe is conspicuous at this stage of attrition ; much of the front 
lobe has been broken away. 

The crown of the penultimate molar (m a) is in length 1 inch 8 lines, in breadth 
1 inch 3 lines, in height 8 lines; the dentine is exposed at the summit of each ridge. 
The two ridges, or bilophodont type, of the molars of Nototherium were indicated rather 
than demonstrated in the specimens on which the genus was founded. The restoration 

KDCCCLXXII, L 



74 


PEOFESSOE OWEN ON TJIE FOSSIL MAMKAES 01<' AiJS^PRA L,I A. 


ventured on in the figures of those fossils* was vovifuul by the molars in the immaturci 
jaw subsequently sent by LwiciiirAUDT. The first coiupletc penultimate molar which I 
had the opportunity of studying show(ul the base of the crown girt by a “ cingulum,” 
developed behind into a low ttilon, and interrupted at the outer end and more so at 
the inner end of the two main lobes, and for a greater extent at the inner than at the 
outer sides : this character my present series shows to be constant. 

The horizontal contour of tlie crown of the pcniiltimato molar is rather rhomboidal 
than quadrate ; for the hind lobe is more internal in position than the front oiu?, and 
the ridges run, not in a line dm^ctly across the alveolar border, but from without inward 
and a little backward. The fore i)art of the outer end of each ridge is a litth'. produced, 
most so in the hinder one, in which the produced part inclining, inward, terminates or 
abuts below upon the middle of the base of the front ridge : the anterior part of the 
inner end of each ridge is a little produced forward, in an angular form ; the general 
result is that the summit of each ridge ivS slightly concave forward, convex backward. 

The enamel is for the most part smooth and polislnxl ; the delicate striic of growth 
are well marked when viewed hy a pockc^t-lens on the outer side of tlu? tooth, aud the 
same power brings into view a few punctations on the hinder slope of (‘ach ridge : the 
enamel is rather thicker on this slope than on the front one, and sccmis mere? so from 
being mor(^ obliquely abraded from before downward and backward; so (^x])oh(*<L the 
e.ororia .1 sui'ftice of llu^ enamel is a line in thickness; tln^ tm(*.t of dtmtuu^ abraded in th(! 
present tooth is two liiuvs across. The hinder talon, or part of tlu? cingulum, is most 
devclop(^d; the front one scoius as if destroyed by pressure of that of tlu' pn^ioding 
molar. 

Much of the crown of the last molar (ib. iii 3 ) has hoeu hrokmi away ; iU base incasiirc^.s, 
in fore-and-aft extent linch 10 hues, in transverse extent .1 inch liiu^s; tljis is at the 
anterior lobe, the posterior (mo is narrower. Each fang is longitudinally excavaUul at 
the surfaces next each other ; and the outer part of the root, so defined, is thicker than 
the inner part. 

The next stage of dentition which I have had tlio o])\)ortimiliy of ohaorving in an 
original specimen of the present species corvesponds with that of th(^ maxillary to(^th 
in the skull (Plate III. fig. 3) ; it is exemplified in the maridible whicli is tlu) sid)j(a;t of 
Plate IV. The crown of the last molar (Plate X. figs. 1 &c 2, m 3 ) is worn to within 
three or four lines of the transverse valley; those of the pcnnltiinato (wiu) and antf'.po- 
nultimate (m i) molars show increasing degrees of attrition : the first and second molars 
are gone, but their sockets remain in the left ramus : the crowns are restored in outline, 
in fig. 1, from the subject of Plate VI. 

The anterior fang of the first molar remains in tVic corresponding division of its 
socket ; the fore-and-aft extent of the socket is 1 incli, being .3 lines more than in the 
young specimen (Plate VI, figs. I to 6 , e? 3). Now, as the roots of the first molar in that 
spechfieix ate hollow shells of bone widening to their open base, the crown of the tooth 
* “ Oil the Extinct Mammals of Australia,” Beports of Brit. Assoc, for 1844, n. 231, plato 3. 1, 
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may gain increase of support, by enlargement of the fangs before they become solidified, 
as in the broken one in the present specimen. The difference of size may likewise be 
referred to difference of sex ; it would bo hazardous to predicate a difference of species 
on this ground. In both examples they come near, in size, to the anterior molar {d a) in 
the upper jaw of Nototherimi MHchelli. 

The socket of the second molar (Plate X. figs. 1 & 2, ^ 4 ) has a fore-and-aft extent 
of 1 inch 1 line, which accords closely with tliat in Plate VI. figs. 1-6, d 4). 

The third molar (Plate X. figs. 1 & 2, m i) shows both lobes abraded to their base 
the enamel still crosses the valley, but that between the hind basal ridge and the hind 
lobe is worn away and a broad smooth expanse of dentine and osteodentine is exposed, 
11 lines by 6 lines in diameter. The fore-and-aft extent of the remaining basis of the 
crown is 1 inch 6 lines; the breadth of the hind lobe is 1 inch. These dimensions 
accord sufficiently closely for specific identity with those of m 1 , in the immature subject 
of Plate VI. 

In m 2 (Plate X. figs. 1 & 2 ) the enamel of the hind lobe is worn down to the level 
of the hind basal ridge, which is partly abraded, but not down to the dentine. The 
narrower and lower anterior basal ridge is intact, and the enamelled crest of the anterior 
lobe riscjs 8 lines above it. The anterior productions (r, r) of the two lobes, rudi- 
mentally indicating the linking bars in certain Kangaroos, are instructively marked at 
the present stage of attrition. The posterior basal ridge of this tooth overlaps the ante- 
rior one of tlu) next {m a), the front lobe of which rises 5 lines above that level. The 
anterior prominence near thc 5 outer end of each lobe repeats the short forward angle in 
the contour of the enamel as hero worn down. The corresponding proinintmco of the 
hinder lobe (r) inclines toward the middle of the valley ; the macropodal affinity, slight 
as it is, is more strongly marked in Notothorlmn than in Di])rotodon*. 

The fore-and-aft extent of m 3 is 1 inch 10 lines, exceeding by 2 lines that of the 
op])osing molar above (Plate IX. fig. 4, m 3) : in this, also, a macropodal character is 
rei)c;cited. Tlit^ traus\ers(i extent of the front lobe of m 3 , fig. 3, is 1 inch 4 lines; that 
of the liind lobe is Ic'ss. 

The ontir(j extent of tluj lower molar series is 7 inches 2 lines, about 2 lines less than 
that of the ui)per molar series in the skull oi I^ototJKrhmi IfitchelU (Plate II. fig. 1). 

Tu the series ofsocktjts of Ibo low(u* jsiw of possibly the same individual, tlie partition 
between the fore and liind fiings of each tooth is much thicker than that between the 
sockets of distinct teeth. The transverse space between the hind lobes of the right and 
left last lower molars is 2 inches 9 lines ; between the front lobes of the first molars 
1 inch 5 lines. Each mandibular series describes a very slight curve as it advances 
forward, Avith the convexitv outAvard. The base of the socket of the incisor, which does 
not extend beyond that of the first molar, is 1 inch 2 lines in vertical diameter, 8 lines 
in transverse diameter. 

In the specimen of the mandible with the symphysis entire, or nearly so (known to 

* Compare figures 11 & 18, Plate xl. Philosophical Transactions, 1870, with figures 1, 2, & 3 in Plate IX. 
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me by the cast, Plate V.), the niolavs show almost the aanic stage of attrition as in tlici 
preceding specimen. The -first and second tnolars ar(5 retainod on. th<^ loft sid(^ The 
crown of the jfir.st {(I a) is worn down to a flattened miiforin. surfac(.^, showing tluj same 
j)Osterior breadth as in the entires crown in the immature jaw. The two roots sii])porting 
it have now risen nearly half an inch above tlu^ socket Th(^ diinenKions and proportions 
of the following four grinders clo.s(dy accord with thovso in the mandible, the teeth of which 
are figured of the natural size in Platte IX. fig. 3. 

* In the part of the right ramus of .N'otot/ioniWb MitahelU with tlie three last molars 
and the back part of the aymphy.si.s, the molars arc wonx nearly to tln^ same degree ; 
their antero-po.sterior extent is 5 inches 2 lines. The left ramus of the same sp<^ci(iH, 
more mutilated anteriorly, hnt with a greater proportion of the a.scctidiiig branch, 
shows the last two molars similarly worn. The enanud in tlu^so Nototheiixui HX)t;cimons 
is as thick as in Dijtrotodon. 

In a mandibular fragment with the lolxes of the last molar worn down to tlie valley, 
the anterior root of the penultimate molar i.s exposed, showing a strong curve couvexx 
forward, with a deep autcrior longitudinal indent almost dividing the inx planted (‘ud 
(l^late X. fig. 8). The fine rugosity of th(j ceraout, rexxeatxKl on tlu! closxdy clasping 
wall of the socket, is here wcdl shown. 

The molars (Plato X. figs. 4, 5, (>) in th^^ matxdihlo of 'NoMhennni YiHonw (Plate VIF.) 
show nearly th<j same stage of attrition xis in the 'W'orc<}st(!r spc^cuunui of M. Mitt'hvdVi 
(Plate X. fig. 3), 

.‘Vs ah't!a<ly statc'd, they are limited to the last throe teeth and a fragmeixt of tin? one 
in advance. In m i the i-Idgo closing the outer entry of the valley (/i, figs, 4 & 5) 
devolopes an enamel txrbovcle; and there is a smsillev one at the inner tnutry (///, fig, 0). 
Of this there is no trace in the xxivfcct s^iccimi?!! of that molar in tlie inimaturo jaw of 
Nototherium Mitchelli (Plate VI.), and only a very f(.ieble indication of such on tint enter 
side. The rudiment of the “link” or ridge (r) from the hind lob(^ to the middl(^ of 
the base of the hind surface of the front lobe is well marked in 'N. Victonw. Tim Jiind 
talon (ff) closely overlaps so as to interlock with the front talon (/') of tlic pmniUhnato 
molar, m a. The abraded surfaces ol' tlxc two lobes slopes from btdbre do-vvn-ward and 
backward. The fox’e-and-aft diameter of m i is .1. inch C lines. 


The fore part of the penultimate molar (fig. 4, a, 7/ia) rises lialf lui inch above the 
overlapping talon of the antecedent tooth, at the outer atid inner mids of whicli thr; 
front talon of w 2 appears. Externa.lly it curves up to terminate near the? base of the fore 
and outer part of the front lobe ; on the inner side it sooner subsides. Tlic greater 
breadth, as compared with ?n i of the front lobe, is gained chiefly by extension of the 
inner part. A ridge, beginning at the back jxart of the outer end of the front lobe, 
■curves down to the outer entry of the valley, dovcloixes there a tubercle, and curves u^) 
the outer side of the hind lobe, ’ivhence a similar ridge curves downward and backward 
ltd the bind talon ; the middle and thickest part of this is undermined by the smooth 
surface, which overlies the front talon of the last molar (/', m 3). 
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The foro-aiul-aft (‘.xitail; of m a is 1 inch 1) HuCkS ; the transverse breadth of the front 
lobe is 1 inch l2a lines, that of the hind lobe is I inch 1 lino. The abraded surfaces 
ol‘ the HumnutH of tliese lolxjs alo[)C, as in m i, in the same direction but in a greater 
degrcic. Tln^ hind root of m a is expose, d by the IVactui'c shown in hgs. 1 & 2, Plate 
VII. ; it inclines somewhat backward as it sinks in the socket ; its basal breadth at the 
outlet of the H 0 < 5 k(d is 1 inch ; it contracts, in the same direction, to 7 lines ; much of 
its surface shows minute granulate longitudinal striations. 

'rhe last molar (Plate X. figs. 4, 5, 0, m a) rises above and projects inwardly beyond 
the pnajeding, in tlu^ same (h^gree as m a docs in relation to m i. The festoon character 
of the ridges curving toward the ontm entry of the valley and to the hind talon is repeated 
in greater strength ; the outer closing tubercle (lig. 4, h) marked than in m i, but 
s c(mH])ic-vu)Us, as is that in the ridge closing the inner entry (hg. 5, /i'). I incline to 
regard theso! tulxn'cles as (jonstaut, and as differentiating th^' last two molars of the present 
species from tlios<< of NohfJimum Mitchdli. A more linear tract of dentine is exposed 
mi the oi)li»jutdy worn apie(\s of the transverse ridges of^^**!- fke fore-and-aft diameter 
of this molar is 1 inch 10 lines; the transverse extent of the abraded summit of the 
hind lobe is 1.0 lines, but tliat of its base is 1B-| lines, the same diameter of the front 
lob(^ iHiiug ,10 Hu(!s. O'lui enamel in M(fMiIuTkmi Vioton(^ is not so thick as in JV. Mit- 
(MU ; its Hurhu’i^ is similar, 

Wlmn fcht‘. skull, or upptn* jaw, of this spiuies may bo found in South Australia, it will 
yUdd, as in the case of ilu^ UiuKuslaud Hpecimeu, th(! characters ascribed by Maolbay to 
Z//i/omMuru,% with, probably, better marki'd sjiecilic chiu’acters than those of the lower 

jaw, 

hlo maudihh; or mandibular teeth, referable or adaptable to those of the maxilla in 
tU(^ uuhiuo subject of Plates IL & IIL, have y(4h(*cu discovered, save those which yield 
the ckaracti;rs of the Nototherium, No skull adaid-ablo to the mandible and man- 
dibular teeth of Notothenmn lias yet been discovered, save that to which the name 
was given. 'Hie admissiou, therefore, hfff> paleontological catalogues of 
two gciK'ia. of l)il(»i>liodont Mavi^V}Mhi of the imlk of awaits the discovery 

of fossils dc-monstvaUng (he distinctivi'. characters of such. 

Taking a rctrospec.l of Uie dental characters of the gomis mtothenwn whh reference 
(;o a comparison witli those of the gimus Dlprotodon, *hat the indications, few 

and f(jel.)le though they seemed iii the mutilated mandibles and mandibular dentition 
first received ^ have been snpiiorted and the inferences therefrom verified in a striking 
and unexp<.K;tc<i dcgi'ce by the characters of the rest of the skull and of the maxillary 

deutithm. ■. i -i i 

Tlie first molar, for example, docs not give, in miniature, the bi op odont character 

of the otlicr and huger molars; its crown answers rathei to the outei half of the two- 
ridgod grinder witii a rudiment of the inner half of the hinder transverse ridge or lobe. 

* Op. eit. 
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This tooth, in fact, exemplifies the final shoge of modification converting the longitudi- 
nally trenchant type of the premolar in existing Carpophagous and Poephagous Marsu- 
pials into the crushing character shown in the homologous tooth of the larger marsupial 
Herbivores. The rest of the molar series in Nototheriwm differs from that in Bijjrotodon 
by the smaller size and in the smoother enamel ; and, perhaps, in a little stronger indi- 
cation of the production of the hind part, near the inner end, of the transverse lobes, 
especially of the front one. 

In the incisor scries the generic character of Nototherimn is strongly marked by the 
form, structure, and nature of the front upper incisor, as before described : and in this 
character we see a nearer approach of Notothormm to Macroj^m^ while the characters 
of the front upper incisor in Biprotodon approximate that genus to FJmcolomp. But 
in the number and disposition of the upx>er incisors, as in the bilophodont molars of 
limited growth, both the large extinct genera retain the poephagous character, as con- 
tradistinguished from the rhizophagous modification shown by the Wombats among the 
existing marsupial tierbivores. 

The lower incisor of Nototherium shows more of the scalpriform character, at least in 
the young individual, than does the upper one ; but, in the full-grown animal, this tooth 
is far from having the proportions and depth of implantation which make it resemble, 
in DIprotodoit, the lower pair of scalpriform tiscth of the Wombats. In N’ototherium 
the lower iiioiso]* differs froxu tliat in JHprotodon in being narrower, with the enamel 
continued hiss far or liigh upon tlio iurujr side : this tooth in the young specimen increases 
more rapidly us it sinks in the socket; but this maybe a repetition of an immature 
character, wliicfii is h1u)W]i, in a minor dc'grec*, in the jaw of the young JJi^rotodon described 
and figured in a former Paper’*. ''The widely open base of the growing incisor does not, 
however, extend backward beyond the first molar ; and as this part contracts and solidi- 
fies in the adnlt, the base of the tooth and its socket are moved more forward, and in 
one species of Xotothere (K inenuo) to tlic anterior half of the symphysis in advance of 
the roots of the first molar. 

I have described, in former works, some detached bonesf which from their size 
might, and probably do, belong to the genus Wototh&H'fm ; hut I have since received 
evidence of extinct species of nearly equal size, and m.orc nearly akin to the Wombat 
and Kangaroo families, to which some of the fossil limb-bones from Nototherian locali- 
ties might possibly belong. I may venture to state that the olecranon of Nototlimvm 
is as little produced as in the ulna of Bijprotodon. But I deem it better to defer further 
illustrations of the osteological character of the present genus until the discovery of 
some portion of the skeleton, under circumstances of juxtaposition, which would warrant 
such further communication to the Royal Society. 

. Phfipsophiod Transaotions, 1870, p. 633, PI, xua. fig. 5, i. 

asl^ g., in “ Beport on the Extinot Mammals of Australia,’’ ojp, (At. p. 233, plate 6. figs. 1-6, 
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Table of Localities of NototheHum, showing : — 


Where found. 

By whom. 

Date. 

1, ■ " 

Freshwater deposits, Darling Downs, Queensland 

J5 j; Ib. ib* 

„ „ King’s Croek „ 

„ „ Gowrie „ 

„ „ King’s Creek „ 

„ „ Eton Yale „ 

Breccia-cavern, Wellington YaBey, Now South Wales .... 

Freshwater deposits, near Lake Victoria, South Australia 

„ „ King’s Creek, Queensland 

„ „ Gowrie Greek „ 

„ „ Worra-worra Station „ 

„ „ Jimbour „ 

„ „ Chinchilla Station „ 

„ „ Queensland 

Sir Thomas Mitchell, C.B 

Ludwig Leichhardt, M.D 

Mr. Turner^ 

Henry Hughes, Esq 

Fred. Nrrillo T^-na--. Eso 

Edwai'i II:'!, 1’..'.': 

n K-r:-. |■•-.. 

1 ■: 

w .. 1 = 

<■ .1 ■ 

.!•. Ii- 1' ! . i'.l 

i.- • * ■ 

\jX 4 .PbI* I m m ■■ 

H.E.H. the Duke of Jildinburgh, E.G. . . 

1842 

1845 

1846 
1856 
1866 
1863 
1869 

1869 

1870 
1870 
1871 
1871 
1871 
1871 


Description op the Plates. 

PLATE II. 

Fig. 1. Side view of skull of Notoiherium MUclielli : — one third nat. size. 

Fig. 2. Front view of skuU of Nototherium Mitchelli : — one third nat. size. 

Fig. 3. Side view of skull of Fhascolarctos fusGiis : — one half nat. size. 

Fig. 4. Front view of naso-premaxillary end of skull of Fhascolomp laUfrons : — ^nat. size. 

PLATE III. 

Fig. 1. Back view of cranium of NotoiJiermm Mitchelli : — one third nat. size. 

Fig. 2. Upper view of skull of Nototlierimn Mitchelli : — one third nat. size. 

Fig. 3. Under view of skull of Notothermn Mitchelli ; — one third nat. size. 

Fig. 4. Back view of skull oiFhascolomys ]^latyrhmm : — ^threc fourths nat. size. 

PLATE IV. 

Fig. 1. Oblique side view of mandible of Nototherium Mitchelli (male ?) : — ^half nat. size. 
Fig. 2. Upper view of the same mandible and teeth: — ^half nat. size. , 

Fig. 3. Under view of the same mandible : — ^half nat. size. 

* “ In 1845 or 1846, Mr. TumrEEi, Superintendent of a Sheep-station on the Condamine, brought to Sydney a 
largo collection made by himself after various ' freakots ’ or floods in the creeks of the river had left the fossils 
hare and protruding j5.’om the sides of the guUeys ; he disposed of them to a Mr. Bbut/amin Botd, a merchant, 
who soon after got embarrassed; he sent the fossils to Europe for sale, but suflered our Museum to take casts 
of ^ of them.’* — ^Letter from W. S. Maoieat, Esq., P.E.S., to tho author, dated 9th March, 1858. The lower 
jaw of Noto^srivm MitcMli (Plate IT.) formed part of this collection, which was purchased tor tho British 
Museum. 
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PIATE V. 

Fij^. 1. Side view of mandible of Nofoiliemm Mitel) elU (female^) : — half nat. size. 
Fig. 2. Under view of the same mandible: — ^lialf nat, size. 

Fig. 3. Upper view of the same mandible and tooth : — half nat. si/e. 

Fig. 4. Front view of symphysis and broken incisois of the same mandible : — nat, size. 
Fig. 5. Back view of pari of rising ramus of th(' same mandible : — ^nai. size. 


PLATE VI. 

Fig. 1. Outer side view of right mandibular rum us and teeth of a young Notothnium 
MitcMli 

Fig. 2. Under view of the same ramus. 

Fig. 3. Upper view of the same ramus and teeth. 

Fig. 4. Inner side view of the same ramus and teeth. 

Fig. 5. Outer side view of fore part, with alveoli of the incisor and of the fiist two 
molars exposed, of the same ramus. 

All the figures are of th(‘ natural size. 


PLATE VIl. 

Fig. 1. Outer side view of part of mandibular ramus and tooth of Notothmum Vidoriw : 
— ^half nat. size. 

Fig. 2. Inner side view of the same ramus and teeth half nat. size. 

Fig. 3. Under view of back part of symphysis of the same ramus : — nat. size. 

Fig, 4. Front view of fractured symphysis of the same ramus : — ^nat. size. 


PLATE VIII. 

Fig. 1. Outer side view of mutilated right mandibular ramus and tcetli of Notothmmn 
inerme half nat. size. 

Fig. 2. Upper view of mutilated mandible and teeth of Noiotliermm mmM \ — ^half nat. 
size. 

Fig. 8. Inner side view of mutilated left mandibular ramus of Fototherium imrme : — 
half nat. size. 

jt, Fractured surface of the symphysis;— two thirds nat. size. 



FLAl!® IX 


Fig. 1. Side view of first incisor, uppef of MMiihelh, 

Fig. 1 a. Base of the same tooth. 
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1 h. Side view of ciowii of tho same tootli. 

Fig. 2. Fiont view of the same looih. 

Fig. 3. Outei side view of the light upper molais of Notoihermm Mitclielli (male'*). 

Fig. 4. Giinding-surfdcc of the same teeth. 

Fig. 6. Grinding-surface of the right upi>cr molars of Notoiliermm inmne. 

Fig. G. Outer side view of a poitioii of the right maxilla, with three molars (dl i, m i, m i) 
in situ, of Notothrhm MitoJicIli (old male ^). 

Fig. 7. Grinding-suitaco of the same molais. 

Fig. 8. Fiont view of an tipper molar (win), with ihc two antoiior roots exposed. 

All tho %ures aio of tho natural si/e. 

X>LATE X. 

Fig. 1. Outer side vi(*w of right lowci molars of Nofotherium Mitehelli (male); tin* 
worn Clowns of d & and d < tiro restored in outline. 

Fig. 2. Grinding-surfacc of tho last three teeth of tho same jaw, with outlines of that 
of d 8 and d t. 

Fig. 3. (irindiug-surfaec and parts of right lower molars of Nofoiheriim Mitchell i 
(fomalot). 

Fig. 4. Outer side view of tho last three lower molars (m i, m .i, m s), with the mutilateil 
hinder half of the socond {d of Hotothermn VkioHce. 

Fig. 6. Grindiiig-aurfaeo of tho same teotli (of d 4 only tho hinder half is ])reserved). 

Fig. G, Inner side view of the same teeth. 

Fig, 7. Back view of the penultimate lower molar, with tho hind fang exposed m aiiu, 
of INototheHum MitcdielJi. 

Fig. 8. lioots and remnant of crown of a much-worn lower molar of Kotoilierkm. 
Mitvhelll. 

All the figui*e8 are of the natural size. 

PLATE XL 

Fig. 1, Portion of mandible with three last grinders (m », », *) of l^otothmivm MitchdU; 
inside view; nat. size. 

Fig. 2. Outside view of the grinders of the same jaw. 

Fig. 8. Upper view or working-surface of the same grinders. 

[Since the foregoing p^es were in type, the Trustees of the Meseum have 

received, as a Donation fom His Boyd HSghn^sS the the 

epedmen which forme snX^eot of the #oye Bale, which the Council d liie iEoyal 

Society have ordered to he added to tho illustrations of ihe present paper.” The fossil, 
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the collection of interesting and instructive specimens l)vought lionn' from fJie ( iireutu- 
navigatory Voyage of Her Majesty’s Ship ‘Galatea,’ under tlui comimuul el 1 1 is Hoyal 
Highness, and exhibited in the South Kensington Museum. I'he mnlur lop(.h in this 
fossil are in a more perfect state of preservation than in any other Nofol.luM'inn j.iws 
which had previously come under my observation ; and, Ix'ing from an individual t»l’ ilu* 
same age as that to which the jaw and teeth of Notntlwnmn, Vhforin^ from South 
Australia belonged, they exemplify more plainly and comidetcdy tin' difh'nMitinl cha- 
racters of that species and of the Fot. MitchelU from th<' ProviiuK' of (iuecusliuuL 
The teeth (m i, 2 , 3 ) of Motothernm Mitchdli difft'r from those of An/. V him tv iti tlu‘ 
presence of a “ cingulum” on the outer side of their base (coinj). ligs. 2 & 2 , r?, I^ate XI. 
with figs. 4 & 5, Plate X). In inx the cingulum is contium'd frfuu tlu* pi‘c‘haHu.l ridg(‘ 
(fig. 2,/) along the base of the anterior lobe to the outer tub<‘r('lt‘ (A), closing tlu^ vuihw, 
upon the outer surface of which the cingulum subsides ; but it rt'sunuvs its courw* hfdiiml 
the tubercle along the outer side of the posterior lobe (A), where it is (nmtiiuucd tquvard 
along the middle of that side; but from tlie base of this vertical prominence (?/, lig. 2 , 
Plate XL) the cingulum is continued to tin' |io.s(lnisi,l ridge (//), which, lilu‘ the prchnsul 
one, is a more developed part of the cingulum, in r>nui Vhim'm the cingulum 

is represented only by the pre- and postbasal ridg<‘S (rialo X, tigs. 4 , 5, d,/, r/), and by 
the closing tubercles (ih. A, ///) before mentioned (p. 77), at the outer and inner eiidn of 
the transverse valley. The penultimate molar (m 2 , Vktv XI.) pivsniis tlu' same differ- 
ential characters. Ixxm^ of the prcsi'ut sixxiinK'n of SdMnmn, dltrlirlU the viaUcai 
contimmtion fi’om the cingulum upon the outer side of tin* lunder lobe is not pnssrmt 
(Plate XL fig. 2 , ma); hut in Kot. Yhhrhv. tlie outer closing tidif-rch' (Plnin X. tig. 4 , 
3 , A) and thcpostbnsal ridge (ib. y) are both (■xl(‘Tid('(h convt'rgiug, tn curve up nlmig 
■.he outer side ot the liindor lobe ot 7ri:i, vvitlioiit crossing its liasc, a.s does the chigubini 
(Plate XL fig. 2, ?/i 3 , c) in Ao/. Mttchvlli. yVll tb(^ Tuoh.irs bi Ao/. fVe/n/v'e differ from 
those in Axjf. by the greater breadth or tbicknoss of tin ' postbasal ndgt*-- 

July 23, 1872.] 
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V. (hrrcHiom and AddUions to the Manoh on the Theory of Reeip'ocal Surfaeen 
(Philosophical Traiisactions, vol. clix. ISCO). By Brofkmr Cayley, F.JR.S. 


Kotioivtnl July 22, — ILuul Nnvombor 1(5, '1871. 


I. I AM iudcbUul to l)r. Zkiitiien for th(^ rciinark that ulthouj^h tho “ off-points ” utid 
olF-pkiiu^s,” as oxplaimid in th(^ memoir, arc njul sinj^iilaritios, they arc not the sinj^ni- 
lariti(^s to which the 0, O' oi* the fonuula’i veler. Tht^ most convenient way of correctinjj; 
this is to iH.dain all th(^ fonmilanvith < 5 , 0' as they stand, hut to write 6>,cJ for the number 
of “ off4.J<knts” ami, “ off^daucs” resp(‘.ctively ; viz. wc*. thus have 

<y, off^mints, 

h, unexplained singular points, 


and 


<y', off-planes, 


unexplained singular planes, 

the ffjrmvdm as tlu*y stand, taking account of tlu5 uu(‘xplainc.id singularities 0 and (f, but 
not taking any a(^c(Mint at nil of the off-points and off'-plaiuis <y, ej. fflic (Lxhuuled for- 
mula) in which these are taken iutt) account are : — 

afn ” • ’ at — " B -p ^ "1“ -f* ^ ? 

e(7h • 2 ) 2<f “f" 4 1'i -{” y *i“ () ”1" <y, 

2 j('/if—~ d^^2(S“~ O-”- fl(rte‘— "*l(T — t}(iy)'4-2(</<(!i-~“ 2g'*-“jf 

h(fi 2 )(?i ~~ d) sis: 4ih* -1- (fih — 2g' — 'ji/ ) *h d(^6* i^(5 2y — /■), 

•' 2 )(//.••■ d).: i)h *-|-'2(2'C — d/3 2y — ?). 

wluVjh replace Sai,mo,n'\s original ronimlse (\) and (B). 

2. Ill the form u he 

r = o '* — e — 2/i .3/3, 

it is assumed tliat the nodal curve has no actual multiple points other than the f triple 
points, and no stationary points other than they points which lie on the cuspidal curve; 
ami .similurJy that the cuspidal curvt! lia.s no actual multiple points, and no stationary 
points otJiej- than the fi j>oints which lie on the nodal curve; and this being so, y is the 
class of till) nodal curve and /’that of the cuspidal curve. But we may take the lorraulae 
as umoormUy true ; viz. y may be considered as standing for Z»*---'&--‘2ifc-->3y-~6t, and T 

m2 ; 
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as standing for only then ^ and r are not in all cases the classes of the 

two curves respectively. 

8. In the formulge No. 6 et introducing the new singularity <y, we have as 
follows : — 

[a^h—c){ii—%) =(»— B— ^4-2«y)— 6/3—4y— 3jf, 

(a_25---3c)(w--2Xw~3)=2(S-C-3<y)~-8X"-~18/i---12(/;c--3/3---2y~-«); 

and substituting these in %'=«(«— l)—2i—3c, and writing for 7i' its vsdu^^ 
=a(a--*lj— 2S— 3«, we have, as in the memoir, 

7i}-=:n[n — IX — w( + 12c) + W + 8i + Oc'^ -f- 15c 
— 3^ — 87t-h'18/3'4“12y"j"12i^~* Oif 
-2C~3B~.3^; 

viz. there is no term in co. 

Writing (w— 2)(?^— 3)==c54'2&4‘3c-|-(— 4w+6) in the equations which contain 
(? 2 — 2 )(w— 3), these become 

flj(-^4n-j“6)=2(5 — C) — — 4g — 9c‘>~-^'-*-3%*--15<y, 

5(-4w+6)= ik -25‘■*-9/3--0y-3^^2^ -ji*, 
c("*"4vi'4-5)jsr (j/i 36*'^“ 6^3 4y“*'2'i'**» Bit 3<y, 

(Salmon’s equations (C)) ; and adding to each equation four times tin; corresponding 
equation mth the factor (w— 2), these become 

<2* — 2flf=:2(i — C)d-4(«---B)<-*o'«i^‘--3% — 3«y, 

2^*— •25=47f““^“}~by~f**l2^-~ 

3c*'~“2C!s:0/i-j-lO^-(-4fl— *2?/-i“5or — 

'Writing in the first of these 2 cj=? 2^-|-2S-|“3/6 — and reducing the other two by 

means of the values of the equations become 

— 2Cy~~4B-|“* — O'— 3^*"- 3w, 

22+p + 3v:+y=2g, 

3r+cH-2i!+%=5(r-l-j3+4^+". 

The reciprocal of the first of these is 

o-'=a— ?2-|-^£' — 2/— 3x;' -- 2C' — 4B' — 3a/' ; 

viz. wilting a=w(^2-l)-2^-3c, and r-=34;i-2)-6i-8c, this is 

0 ''= 4?<w- 2} - 8i - 11c- 2/ - 3x' - 2C' - 4B' - 3«w' ; 

and it thus appears that the order a' of the spinode curve is reduced by 3 fi/r each ofl- 
plane 
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4. As to th(^ ()th(ir two oquatious, writhig for g, <r their values, these become 

4" 5j8 + Gy = h(2n> — 4 ) •— 2(^, 

^X”l” 4 4<' “{- 1 8/3 6y =c(5«. — 1 2) — Gr-j- 

(,H|uatiouH which admit of a geometrical interpretation. In fiict, when there is only a 
nodal curve, the first equation is 

ji 4* 4 j 2<2, 


which we may verify when tlnj nodal curve is a complete intersection, P=0, QrrO ; for 
if tln^ ('qiiation of the surface is (A, B, Q)'-*---!), whore the degrees of A, B, 0, P, U 
are 2/, // nispetitivcly, then the pinclhpomts arc given by the 

(upiations ,P=0, U=:0, AO— IP -. 0, and the numb(;r^* of pinch-points is thus 

=A(2w-¥- %/)=(2« - iVa-Wif+'J -'^) : 

hut for the curve P=0, Qr;:=:() w(* have; and its order and class are 

or the formula is thus verified. 

Similarly, when thcrc^ is only a cuspidal curves tln^ second (equation is 

2%4' ' w •—12)'— (h' 4 '>*5, 

which may be vorified when the cuspidal curve is a complete intci'scction, PssO, Q=sO; 
tiie equation of the surface is here (A, B, 0X1*1 Q)“s=0, where AC -1P=MP4*NQ, 
and th(^ points %, <y are giv<jn as tlu^ inteiw-^ctions of the curve' with tin* surface 
(A, B, OXN, 

Now AO — B'-* vanishing for P-r-rO, Qrr;0 we must hav(* As=:Aa‘*4A', B^’Aa34B', 
C=Af:i‘‘*4*‘0', where A', If, O' vanish for Qrr:0; and thence M=AM'4'^P^ 

Nrr AN'4N", where M", N" vanish ibr P=0, Q*=0. The equation 


(A, B, OXN, -.M)“=0, 

writing thcr(Mu J?. ;0, Q: thus bccomcB A'‘(N'a ■ M'/^J^—O ; and its intersections with 
the curve 1* lue thepointn PskO, Q -0, A=::() eat;h three times, and tin; points 
Ps-O, QssO, N'«— M'rt'ssO each twice; vb, they ii.re the points 
.But if the degree of A is then the degrees of N', iVP, a‘V4ii /i’btre 2?i— 8/'— 

2/i— 2y’— 817— A, 5/.— 2y‘'— 7^, 7;,— y’-^*— jy,, w— 217- x, whcncj^ the degree of A''(N'a'— M'/s) 
is ~5w— 6/— C-/, and the iiuudKir of ])omt8 is viz. this is 


ssy^(5n— 12)— 6y^(y4-^ — 2), 

# 

or it is airc(6rt— 12)— G/‘; so that d being =0, the <*.quation is verified. 

5. Tt was also p()intt!d out to nu' by J)r. /kutjiicn that in the value of 24^ given in 
No. 10 the ba'iii involving ^ should bo — i)x instead of 40/iii and that in consequence 
the coefliciciits of ^ ^o‘e (irroueous in several others of the formuli®. Correcting these, 
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and at the same time introducing the terms in and writing down also the terms in 
as they stand, we have 


4i = . . . 

- 2z+ 

30- 

Za, 

24i = . . . 

- 6z+ 

U~ 

Ocy, 

2^ 

— 

6- 


8g = . . . 

+ H- 

9^*4" 

0<y, 

8» = . . . 

- 6%+17i)- 

25ft/, 

2§ = . . . 

+ ®x;- 

0H15fi/, 

• 

« 

il 

OO 

-30)2+210- 

45®, 

(?'= . . . 

-—12^4^ 10^“ 

■20®. 


The equations of No. 11, used afterwards, No. 53, should thus h(' 

U+ 6r= ( 5w-~32)(?~18^-~.5y-2;^+3l? -3s;, 

-24?5-8^+18r=(-8;>+lG)^+(15'>i-3G)c-34^+0y+'y - Gx+ : 

and from these I deduce 

G. In No. 32 we have (without alt (sration) ^.=1G ; but in th(‘ aptdicalion (Nos. 10 and 
41) to the surface FP“ 4” OR“Q’=0 we have ^=0, and tlien' are eir-])oints, K~«tb 

P=0, Q=0, and x^gpg close-points, 0=0, P=0, 0=0. Th(' luw ('(juntious involving: 
(u are thus satisfied. 

7. I have ascertained that the value of obtained, Nos. 51 to (il of tlte memoir, is 
inconsistent with that obtained in the “Addition” by considoration of thiMlelh'iency, 
and that it is in fact incorrect. The reason is that, although, as stated No. 53, the 
values of two of the coolRcionts D, E may be assumed at pleasure, tlu'y cannot, in con- 
junction with a given system of values of A, B, C, be thus assumed at plcasurt' ; vix. A, 
B, C being =110, 272, 44 respectively, the values of D, E are really determinate. I 
have no direct investigation, but by working back from the formula in th(‘ Addition I 
find that we must have D=:^p., E=315 ; the values of the remaining coolflcicata thtm are 

I=-198; 

or the formula is 

^'=2?l(n-2)(ll»-24) 

-(110w-272)H44^ 

+^$4'^y+198« 

—AO — ^B — iw — — yiw 

but I hate not as yet any means of determining the coefficients /, f of the terms 

in a, eJ, 
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l^’roim tlu^ c-aMCH of a cubic surface wo o})t;aiii as in tlie memoir ‘ but ap]')lyin^ 

to tli(‘ saitu' siirlaocs the rt'ciprocal equation for 0, instead of tii(‘ results of the memoir, 
w(‘ tiud 

//' =- 4, 

r/ + ir>t-=~10.S, 

2(j^= 45, 

(/+{/' ~ 18, 


5 


(so that now 'Ah is also giv(‘.n by the cubic scroll). And combining tlu' two 

sf'ts of results, we liavc 

h =r ii4. 


X ~ 


5, 


a 7 I ). ff 
ta o a ifi 


/// = 
y= 

V.=v 


V+ 

4, 

18- -f/, 

7, 

■■■I- r'.v//; 

but tin* <;o(4ru:i<‘Uts //, .f?, art^ Htill undctevmin<*d. 'To nuike. the rc'sult ti^vec^ witb 

that of tin* Addition, I assume a’rs — 85, //=! 4-28 ; whemet* ^vo. have 

^'rr.2'n.(vt---2)(‘nrA-~-24) 

--(A.J7,^_ni5)c+Vr 

yd-lOSj^ 

-24C ~-28B x+V 

and if wo substitute Inn-cvin the foregoing vjiluo of 44r/+*^/ r, we obtain 

jS' 52S 2w,( w. — 2 ) (11 w--— 2 4 ) 

-[-( -007A-f-1 84)/i» 

"f* ( ”” 0 "4" 262 Jff 

+153^4-08y^-6C^^ 

■^240 -.28B ~-27JSSx 
4 4C' 4101V 4'/-'+ 7/+ 

wliicli, (ixce])t as to the terms in of, *»', the coefficients of which are not determinefb 
agrees with tlie value given in the Addition. 

Dr. ZnuTUHN considers that in general V=;?‘ ; I presume this is so, but have not 
verified it. 
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VI. Corrections to the Computed Lenfiths of Waves of Light published in the Philosophical 
Tra^isactions of the year 1808. By Gkorgb Biddell Aiiiy, C,B., Astronomer lioyah 

llocoivod October ii, — llwul November 10, 1871. 


In a paper communicated to the Koyul Society in tluj year 1807, and printed in the 
riiiloyophical Tranaactions for 18(58, I attempted the computation of the Lengths of 
Waves of Light for all the lines which KiueimoEE had obvserved in the Solar Spectrum, hy 
ado])ting an algtdmiical formida of the Hfth order, and substituting in it for every spectral 
line t]i(3 valu(3 of measure for that lino, the numerical bases of the formula 

b('ing doriv<Hl from FKAXJNfioEEifs and Ditschei neb’s measures of the wavcvhmgtlis for 
six princi])al lines. 8ul)H('(piently 1 obtained the means of comparing many of my com- 
])uted results with mcuisurc's of wav('4engthH by Anostbom and Bitsoiieineb, and I found 
that the discordaiKu's wc^i’c^ far krgcjr tlian 1 had antici])ated. I remarked, howcwc'r, 
‘‘‘ By means of the comparison . . . » . thorc^ is no difficulty in c.omputing (or any other liiu' 
the correction that ought to 1x3 applied to the wave-length in tlu' principal Tables, in 
order to exhibit tbe true wavc-lengtlis on Ditsohein nit’s scale, witliout appreciable 
error.” 

Want of leisure long prtwonted nni from ontcirhig u|)on the examination necessary for 
prt'paring, in a form easy for applications, the correction whicli my nmnbc'rs rccpiircd. 
Lately, bowover, I have taken it up; and 1 have constructed a Tabic of corrc^ctions (-.o 
the numbers of my Tabhj generally, and T bavo. applied them, both to the general Table 
of wave-lengths and to the viducs of A\:aA’( '-lengths fVvr the? .spectral lines of the atino- 
s])h(vr('. and wjvtjvid nudsds (tlu3 acc.urate (‘xhibitlou of which was, in fact, the first object 
of iny compiitatious). 1 now oiler thes(‘ corrections and corroch'd 7uimb{3r.s for the 
accc.ptsujce of the itoyal Hoch'.ty. 

, The work of coiuptiristju and correction was conducted by a graphical process. For 
this, I j.'ef(T 1,0 t]](3 diagram (iTito XI L), premising the following explanations: — ^T’he 
ab-scussa-'measurovs arc tlio computed numbers for Wave-lengths in the Philosophical 
Transactions, 1868. The Oidinatc-mcasnres are the corrections required to make 
the.se computed numhers agree with observed wave-lengths. The crosses represent the 
corrections required by Angstbosi ; and the dots represent the corrections required by 
Djtsoheineb. 

My first step was, adopting my computed numbers as a lino of abscissae, to mark the 
values of the discordances (“ Angste5m — computed numbers” and “ Ditschbineb— com- 
puted numbers”) as ordinates. The points thus determined for the two experimenters 
were placed on the same sheet of paper, but were distinctively marked. The result of 
jicboooi^cxii. N 
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comparison of them was the following : — ^EromG (waye-longi h iihoriv ()-onO'.l-.(UiO inilliui.) 
to F (49000), although the required coiTCctions are very large, there is no sensible 
doubt on their value; and the measures of Angstrom and DiTSciiEmEii, whore tlu'y are 
comparable, agree closely. As far as 49400, their accord is good ; from that point to 
about 51600, Ditscheinee only has given measures. From 51G00 to 54000 their 
measures begin to diverge, and from that point to 66000 they arc irrecoiicilabh?. Single 
observations of each at 69000 (D) agree fairly, and they support this inference from 
Ditscheinee’s measures, that, whatever be the principle adopted in drawing th(‘ final 
curve, there must be a cusp at D. I conceive, therefore, that KrEOiuiOBi'' made some 
important change in the adjustments of his apparatus at that point. From 01000 to 
62000 the two systems of measure cannot be reconciled. Near 65800 (at C) the dis- 
agreement, though smaller, is too large, and near C8000 (at B) it is much larger. Afttn* 
this, the only measure is one by AngsteOm, for A. 

‘ From this statement it will appear that the adoption of a (iorrciction-cux’ve is by no 
means a straightforward process. In the following steps I have been guided in great 
measure by the wish to make as few sinuosities as possible. From G to a point Ixyoud 
E (about 64000) there is no general difficulty, and I have given mxirly equal valiu's to 
the two series of points. From 54000 to the cusp at I), and again from the cusp at I) 
to 0, 1 have abandoned AitQnSTUuM entirely, the points of DiTSCiuomnE giving very good 
curves, But 1 cannot very well introduce Ditsohminee’b one remaining ukuisuvo (that 
at B), and I have continued my curve through An(jhte()m’s two last points, for B and A. 

I need not explain to any person who has had much familiarity with operations of this 
kind, how great has been the advantage of possessing, as basis of coiuparisou, a scries 
of numbers computed on a continuous formula, even though tliatfbnnnlalxi inaccuvatci. 

Having thus adopted my curve, I measured its ordinates fbr every 500 in ihe final 
figures of the subdivisions of millimetres represented by 0*00000001 millim, In order to 
extend the Table so as to give the results for every 100 in the final figures, it was 
necessary, after giving due attention to the progress of the differences preceding and 


following that difference which is to be divided into five parts, to decide on values of 
correction which would produce an harmonious flow in tlie second diffcixinccs at the 
reduced intervals. No great difficulty, however, was found in this process. The Table 
thus formed of corrections to the wave-lengths printed in the Philosophical Transactions, 
1868, is the following. 
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Corroctions to tlio ComputcKl Wave-T/'iigtlia in tho Table, riiilosopliical Transactions, 

1808, pages 37 to 50. 
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Conversion of KmcHHorF’s Spectral Measures into Wave-lengths, in terms of the Milli- 
metre. 


Kirdihoff’s measure. 

Corrected 

wave-length, 

m.m. 

0-000. 



Kirchhoff’a measiiro. 

Correotocl 

wave-length, 

m.ni. 

0-000. 
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2d 


399*8 

76321 

A d 


485*1 

73652 

3d 


400*4 

76298 

3d 


486-2 

73609 

6 e 



^/401*9 

76230 

1 

4 c 


486-8 

73585 

2 c 



{ 





fronf /488*2 

73529 

1 



'^403*4 

76209 

J 

1* 4 


\488-8 

73506 

5 a 



402*8 

76188 


^ 5 


489*6 

73472 

6 a 


A ^ 

403-3 

76169 

1 



/491*3 

73408 

3e 



406*0 

76086 


Vi 


\491-5 

73397 

5 b 



405-6 

76062 


u 

- A 


491-9 

73378 

A c 



/406-2 

76034 

1 



493-1 

73334 

2(1 



( . 



3 


494-1 

73293 

3 b 



L '^406-8 

76010 

J 

5e 


/495*4 

73241 

1 e 


408-5 

75916 

Id 


U96-7 

73229 

2b 


433*7 

75261 

2b 


497*3 

73166 

lb 


436-6 

75106 

2 b 


497*5 

73155 

2a 


433*8 

74793 

2 a 


498-4 

73119 

Ac 


437*0 

74656 

2b 


499*0 

73093 

5 b 


442-8 

74411 

2d 


499*9 

72OS8 

5d 


444*6 

74332 

2c 


500*8 

73025 

3d 


445-8 

74283 

2 b 


/501-8 

71987 

2 c 


446*1 

74271 

2 b 


\602-0 

71981 

'5b 


447-0 

74234 

2a 


502-6 

71958 

5c 


1 448-4 

74173 

1 b 


503-8 

71909 

%d 


1 452-6 

73995 

2c 


504-3 

71890 

5 b 


' 453-0 

73979 

\b 


50.rl 

1 71861 

6 c 


464*4 

73931 

\b 


fsoG-e 

! 71817 

2b 


460-0 

73681 

Ic 


\-,06-4 

j 71810 

5 b 


461-0 

73647 

1& 


/506-G 

1 71801 

2b 


462*3 

73589 

2 h 


^507-4 

1 71773 

5 c 


1 463-3 

73544 

2 a 


508-2 

! 71738 

3 b 


466-0 

73432 

lb 


509*1 

i 71703 

3 b 


466*5 

73411 

2c 


509-9 

: 71672 

2b 


467*0 

73390 

lb 


510-9 

j 71634 

1 a 


468-1 

73343 

2e 


512-9 

71558 

2b 


470*0 

73261 

2b 


513-6 

1 71533 

3h 


470-5 

73240 

3 c 


517*1 

1 71404 

2b 


470-9 

73225 

2b 


519-3 

! 71314 

2b 


/472*4 

73161 

2e 


521-6 

■ 71231 

1 h 


\473-7 

73149 

3c 


,529-4 

! 70945 

1 b 


: ' ■ V 

/473-8 

73105 

A d 

' 

530-4 

; 70907 

Ic 


1 


1 


532-8 

j 70818 

1 b 


. \474*7 

73069 

3b 


536-9 

j 70667 

2 h 


: Ti>bm 476-7 

73027 

2 


537-3 

1 70654 

lb 
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Tatjlk (continued^. 


Kirt5hIioJI"a incuHuvo. 


540*6 
54M 
64 ! 3*0 
543*6 
544*6 
547*0 
547*<) 
549*6 
551 -a 
55ii*5 
/553*B 
\554*0 
554*6 
557*0 
557*7 
55B*1 
559*7 
561*6 
66!.}*5 
56:}*0 
564*1 
565*0 
566*0 
5(J(I*9 
567*4 
/56«*6 


( lorroolocl 

wavo-longt,h, 

lu . in , 

0 -(K) 0 . 


569 *{i 


570*0 
570*6 
57 sJ* 4 J 
573*9 
573*6 
574*4 
575*1 
576*6 
578*1 
579*6 
5H J-l 

rm.'i-H 

5H5'0 

5Hl>*a! 

587*0 

587*9 

589-0 

589*4 

580-9 

590’It 

590*7 

691*1 

591*5 

501*9 

693*3 

«/ 693*7 

696*0 

596*6 


70538 

70519 

70484 

70427 

70393 

70305 

70273 

70211 

70157 

70113 

70063 

70058 

70035 

69954 


69914 

69857 

69798 

69764 

69746 

69709 

69675 

69640 

69609 

69691 

69551 


'‘‘JU 


69503 

69483 

69427 

69402 

69379 

69361 


69379 

69339 

69175 
69 1 25 
690HI 
69029 


68959 

68931 

1)8902 

6 « 8 G 8 

68854 

68838 

68825 

68812 

68797 

68784 

68771 

68759 

68766 

68733 

68670 

68616 




KircliUoir’M moiiHum 

Oorroulod 

wivvo-longt,h, 

0 *l) 00 . 



3 5 


697*4 

68691 

1 b 


2 <.- 


* 601*2 

68470 

1 a 


1 a 


601*8 

68450 

1 b 


4 5 

' 

602*8 

68417 

1 (1 


:ui 


606*0 

68316 

1 b 


4 a 


608*3 

68239 

1 a. 


2 5 


612*4 

68113 

1 b 


BM\ 


613*4 

68079 

1 a 


m 


623*4 

67771 

1 b 


3 (! 


626*1 

67687 

1 b 


1 fj 


631*4 

67525 

. 1 b 


3 5 


638*4 

6731 3 

1 b 


2 5 


639*8 

67268 

1 b 


1 a 


641*0 

67232 

2 5 

Ca 

mm 


645*3 

67103 

1 b 


1 5 


648*1 

67018 

1 b 




654*3 

66836 

2 5 




659*3 

66689 

2 a 


35 


666*7 

66506 

2 u 


2 <! 


669*5 

66396 

2 b 


4 L* 


678*6 

66142 

1 b 


2 (f 


681*4 

66063 

1 a 


lit: 


682*8 

66024 

1 b 


2 5 


6 « 3*1 

66016 

2 fi 


.*} 5 


685*3 

65954 

1 b 


2 5 


689*8 

65831 

2 5 


1 


690*9 

65801 

1 u 


2 5 


602*1 

65769 

ta 


1 


ffrom /G 93’4 

65734 

1 1 


3 a 

i 

C \ ( 694*1 

65715 

6 « . 

Air 

2 5 


1 10 \( 394*8 

65696 

1 


3 5 


698*1 

65607 

2 a 


1 5 


700*0 

66666 

2 a 


3 c 


701*1 

65526 

2 5 


1 5 


702*1 

6 B 499 

2 « 


2 d 


702*6 

65486 

1 5 


%d 


705*5 

66410 

2 ti 


3 ^/ 


705*9 

65399 

2 « 


:id 


707*5 

65356 

1 5 


3 « 


708*6 

65329 

2 b 


3 « 


710*5 

66277 

He 


4 it 


711*4 

65353 

3 c 


4 / 


712*0 

65238 

2 5 


4 a 


713*2 

65206 

1 5 


3 « 


714*4 

65173 

1 f 


2 5 


717*8 

65083 

2 5 

Ca 

35 


from / 718-7 

66060 

2 

Ba ' 

.3 5 


l 719*6 

i 66037 

3 a 


3 5 


720*1 

1 66026 

2 fi 

Ca 

■m 


721*1 

i 64999 

25 • 

Pe 

35 


723*7 

: 64931 

2 c 


Zh 


724*2 

; 64018 

15 


45 


725*1 

64896 

■IB 

Air 

4 5 ' 


726*7 

64855 

Km 


35 


727*8 

64826 

Ic 


6 c 


728*0 

64821 

2 


4 a 


729*0 

64795 

26 

Ca 

1 a 


731*7 

64727 

65 

Ca ■ 

1 A! 


734*0 

64668 
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»Table (continued). 



Corrected 




Cori'cctccl 



KirolihofiTs measure. 

■waTfl-lengtli, 



Kirohhoff’s moasuro. 

wavo-Jonglik, 




in,m. 




man. 




O'OOO. 




()■(){ K). 



7 

■■ i.V.'.J 

:l . 

C. 

■ ''.‘I— .! 


1 


r i'.'v 

■I-; [[j l 


V.'li 


■ 

\ • 


743-7 

64433 

2b 


839-3 

63327 

2 b 


744-3 

64408. 

4 b 


845*7 

63096 

2 h 


748-1 

64313 

4 b 


849-7 

63013 

3 a 

be 

748-7 

64399 

3b 


851-3 

61980 

1 a 


750-1 

64363 

1 a 


851-8 

61967 

1 a 


751-0 

64343 

1 b 


855-0 

61904 

2 a 


753-3 

64308 

4b 


856-8 

61867 

2 a 


753-8 

64173 

3b 

Sr 

857*5 

61863 

2 a 


756-9- 

64094 

5 h 

Fe 

858-3 

61838 

2 a 


759-3 

64035 

3b 


859-7 

61809 

3 a 


764-3 

63916 

1 a 


860-3 

61798 

3 d 

Ca 

771*8 

63734 

1 a 

Zn 

861-6 

61769 

2 a 


773-4 

63696 

2 b 


862-2 

61756 

1 (1 


774-8 

63664 

2b 


8G3-2 

61739 

2 « 


778-3 

63579 

lb 

(Ru, Ir) 

863-9 

61725 

5 h 

Ca 

779*5 

63553 

lb 


864-4 

61715 

1 d 


781-9 

63494 

3 b 


h66*2 

61 {>‘78 

2 b 


783-1 

63468 

4 b 


h67'1 

61660 

2h 


783-8 

63454 

3h 


8(17*6 

61(150 

1 a 


786-8 

63383 

1 a 


«()9-3 

61619 

2 b 


788-9 

63333 

3 b 


870*9 

015H5 

1 h 


791*0 

63384 

1 d 


871*4 

61574 

2 b 


791*4 

63376 

3 b 


872-5 

61553 

1 b 


79S-9 

63343 

2d 


874*0 

61526 

1 b 


794-5 

63308 

1 d 


874-3 

61520 

4 b 

Ba 

798-1 

63135 

3 a 


876-5 

G1474 

4 ti 


798-5 

63115 

4 a 

Fc 

877-0 

6 1 4(>5 

4 c 

Fo 

799-8 

63086 

2 b 


879-8 

61410 

1 b 


800-3 

63073 

2 b 


HMO'9 

61389 

1 a 


801-3 

63055 

1 a 


881-6 

61374 

2u 


801*5 

63048 

1 a 


882-6 

61356 

1 a 


803-7 

63020 

1 b 


883-2 

61343 

1 b 


803-6 

63004 

2 a 


884-9 

61311 

4 b 

Ca, Co 

805-8 

63951 

1 b 


887*7 

61266 

2 a 

Ni i 

807-4 

63917 

2 b 


890-2 

61308 

1 b 

Ba 

1 808-3 

62898 

2q 


891-7 

61178 

2 a 

Ni 

i 808-7 

62888 

1 c 


894-9 

61113 

2 a 

Ca, I.i 

809-5 

63869 

3 5 

Au 

896-1 

61091 

1 a 


809-9 

62858 

2d 


896-7 

6 1080 

I b 


813-7 

63798 

1 a 


898-9 

61034 

1 a 


813*1 

63791 

2a 


899-1 

61031 

1 a 


816*0 

63749 

4h 


900-2 

61010 

1 a 


816-8 

62709 

2b 


901-4 

60985 

1 a 


818-0 

63685 

3c 


901*6 

60981 

1 a 


819-0 

63662 

45 


902*4 

60965 

1 a 


830-1 

63688 

46 


903-1 

60950 

1 a 


830-9 

63633 

46 


903-6 

60941 

1 a 


833-5 

63565 

1 a 


904-6 

G 0923 

1 a 


834*0 

62554 

.46 


906*1 

60893 

2 c 


834*9 

63536 

1 d 


912-1 

60774 

3b 

Fe 

836.-4 

63504 

2 a 


*916-3 

60690 

2b 


' 837*6 

63478' 

1 a 


923-0 

60558 

2 b 


• 838*0 

63467 

2 a 


929*5 

60428 

2b 


■ ' ■ ■ .8'3'0,-2 ' 

62419 

3 6 


931-3 

60393 

4 b 

Fe 

■ .8S1-0 

63404 

4 c 

Fe 

933*6 

60371 

4b 


- 'V-88i*7 ' 

63388. 

16 


933*3 

60355 

4 c 


' ‘t ' . '.1 ■ ' ' 

63386 

.2b 


935*1 

60319 

4 b 



res, fcom 916’3 to 1006-8, are included in a subsequent Table of Atmo- 
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Taijle (contiiiTiccl). 


luonHurt', 


‘):w;-7 

940-1 

<)40*4 

94;J‘4 

04G-G 

1)47*0 

941)-4 

1)49-H 

1)51*7 

l)5sJ-9 

1)54 -O 

1)54-H 

i)5H-H 

951)-(> 

1)51*1) 

})(i:i*7 

t)t54-4 

9(;h-7 

959*0 

9(«9*« 

1)70*5 

1)71-5 

1)7!»«*1 

i)7«'l 

97;s-5 

974*!) 

<)75‘0 

975'« 

1)77-4 
1)77*7 
979*1 
9«0*» 
981 -ii 
085^*0 
983*5 
983*0 
1)h4-5 
985-:) 

1)k5*7 
9H7-1 
!)«H-1) 
1)81) -3 
1)89*6 
990*8 
991*3 
991*9 
993*4 
995*9 
994*3 
995*0 
997-3 
998*1 
998*9 
999*3 
1000*0 
1000-4 
1001*4 
1003*8 


CiorrtKiiod 

wivvti-Uniffi.li, 

JU.IU, 

(H)(K». 


60i>s7 

()0iil74 

60317 

60210 

60155 

60091 

60084 

60037 

60029 

51)993 

59969 

59944 

59955 

51)859 

59845 

59799 

59764 

59755 

59675 

59668 

59657 

59640 

59619 
5960 H 
59590 

595H2 

59569 

59556 

59621 

59510 

59504 

59479 

59450 

59444 

59429 

69424 

59411 

59-'»84 

51)352 

59:m(> 

51)332 

59304 

59298 

59291 

59270 

59263 
59250 
! 59241 

j 59213 
I 59205 

; 59193 

59155 

59139 

59125 

59120 

59106 

59100 

59083 

59054 





Oc>rri'ct.ocl 





Kir<4ilioirH iiiotiauro. 

wavo-lengtli, 

111 111 









1 4 5 1 


1005-0 

5901 8 : 

2 5 

Ni 

1 b 


Drt 1006-8 

58989 

6 b 

Na 

^b 


1011-2 

58926 

lia 


^b 


1023*0 

58756 

1 a 


3 b 


1025-5 

58720 

3 (t 


lib 


1027*7 

58690 

2 « 


1 (t 


1029*3 

58666 

Sc 

Ca, Ni 

lb 


1031*8 

58626 

2« 

13a 

1 b 


1032-8 

58612 

1 a 


1 c 


1035-3 

58576 

1 u 


3/^ 


1058-0 

58257 

2 b 


lib 


1063-0 

68 185 

2 b 


lib 


1065-0 

58155 

2 b 


3 b 


1066-0 

58143 

1 1 a 


lib 


1067*0 

58130 

2 b 


1 a 


1070*5 

58078 

\ 2 b 


1 <? 


1073*5 

58036 

1 a 


1 c 


1074*2 

58027 

1 a 


2 ft 


1075*5 

58008 

3rt 




1077*5 

57982 

I a 


3 n 


from 1 078-9 

57960 

1 1 


\b 


to 1079*7 

57949 

i 


2f? 


1080-3 

57940 

1 a 


lb 


1080*9 

57932 

1 tt 


lin 


1081-8 

57920 

2 b 

Cu 

lin 


1083*0 

57902 

2 « 

Da 

2 rt 


1087*5 

57838 

2 « 


2 « 


1089*6 

67810 

2 It 


3 <f' 


1096*1 

57720 

no 

I'c 

2 It 


1096-8 

57711 

1 ft 


2 It 


1097-8 

57696 

1 a 


1 b 


noo-4 

57659 

1 « 


1 It 

i 

1102*1 

57633 

nb 


3 b 


1102*9 

57623 

3 a 


1 It 


1103*3 

57618 

2 b 


2 It 


1104-1 

57606 

2 b 


3 c 


1107*1 

57663 

20 


1 1 1 ' 


nn*4 

57507 

1 « 


.1 It 


1119*0 

57401 

2 a 


2 c 


1122*6 

57867 

2 ft 


1 h 


1128*3 

57276 

2b 


a It 


1130*9 

57240 

% h 


1 2 ft 


1138*1 

57212 

no 


2 ft 


1138*9 

57201 

Be 


2 a 


1135-1 

57382 

4 d 


J It 


1185-9 

57171 

2 0 


lib 

Fe 

1187*0 

57158 

2b 


1 It 


1137*8 

57149 

nb 


1 b 


1141*3 

57100 

$0 


1 b 


1148*6 

57072 

20 


1 a ' 


1146*2 

67038 

15 


2 b 


1147*2 

57025 

1 b 


1 a 


1148*6 

57007 

1 b 


1 a 


1149*4 

56996 

1 b 


1 <l 


1151*1 

56969 

4b 


1 a 


1152*5 

56952 

2b 


1 Of 


1154*2 

56929 

2b 


1 Of 


/n55*7 

56908 

35 


65 

Nft 

U 156-9 

56906 

2c 
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Table (continued). 



Corrected 




OoFi'octod 



KirohhofF’s measure. 

wave-length 

> 


Kirohlioff’a measure. 

wavo-longfch, 




m.m. 



nui3i. 




0*000. 




0-000. 



1158*3 

56874 

2 a 


1264*4 

65552 

1 a 


1160*9 

56843 

2 a 


1264*9 

55547 

2 a 


1165*3 

56785 

1 a 


1267*3 

55619 

3 a 


1165*7 

56779 

1 a 


1268*0 

55611 

3 a 


1167*0 

56764 

Id 


1271*9 

66464 

1 a 


1168*3 

56747 

1 a 


1272*4 

65459 

1 a 


1169*4 

56732 

1 a 


1274*2 

56438 

3 b 

Ba 

1170*6 

56716 

2 c 


1274*7 

55431 

3« 

Sr 

1174*3 

66670 

6d 


1276*2 

65414 

2 a 


1175*0 

56661 

2a 


1276*7 

55408 

1 a 


1176*6 

56639 

3 c 


1280*0 

55369 

6 d 


1177*0 

56634 

2 a 


1281*3 

65356 

3 6* 


1177*3 

56630 

1 a 


1282*6 

56341 

2 c 


1177*6 

56626 

1 a 


1285*3 

*56308 

2 c 


1178*6 

56615 

1 a 


1287*5 

55284 

1 c 

Ba 

1179*0 

56610 

1 a 


1289*7 

55256 

2 0 

1179*4 

56604 

1 a 


1291*9 

56232 

3c 


1179*8 

56599 

1 q 


1293*8 

55211 

3 c 


1180*2 

56593 

1 a 


1294*5 

55203 

3 c 


1183*4 

66563 

2 a 


1295*6 

55188 

1 a 


1184*8 

56534 

3 a 


1296*3 

55180 

2 c 


1186*8 

66607 

2 a 


1297*5 

55105 

1 a 


1187*1 

56504 

2 a 


1298*9 

55148 

f>c 


1189*3 

56477 

3h 


1299*7 

55139 

2c 


1190*1 

66467 

2h 


1302*0 

55114 

2 c 


1193*4 

66429 

3 a 


1303*5 

55096 

5 c 


1199*6 

56345 

2 d 


1306*7 

55058 

5c 


1200*6 

66332 

4 h 

Ee 

1316*0 

54962 

4 c 


1201*0 

! 56326 

2 a 


1315*7 

54953 

2 b 


1203*5 

56297 

2c 


1319*0 

5.1910 

3 c 

Co 

1204*2 

1204*9 

66288 

56280 

2 c 

2d 


1320*6 1 
1321*1 ; 

54899 
54891 ! 

4 c 

3 b 

Sr 

1206*1 

56264 

1 c 


1323*3 ) 

54800 ! 

2b 


1207*3 

56250 

^9 

Fe 

1324*0 

54857 

2b 


1217*8 

66118 

6d 

Fe, Ca 

1324*8 : 

54849 

4 d 

Ni 

1219*2 

56102 

3 c 

Ca 

132.')*3 . 

54843 

2d 

1220*1 

66091 

2 a 


1327*7 1 

54810 

4 h 


1221*6 

56072 

5d 

Ca 

1328*7 i 

54805 j 

2 b 


1224-7 

56033 

5d 

Ca 

1330*4 i 

54785 

3 b 


1225*3 

56024 

1 6 


1333*3 ; 

54752 

1 a 


1226*6 

56008 

2d 


1334*0 j 

5474-4 

4h 


1228-3 

55988 

%d 

Ca 

1336*3 

54720 

1 b 


1229*6 

56972 

4 c, 

Ca 

1337*0 i 

54711 

4d 

Fe 

1230*5 

55961 

2c 


1337*8 1 

54703 j 

1 b 

1231*3 

55952 

5d 

Fe 

1338*5 1 

54693 ! 

1 b 


1232*8 

65933 

2 b 


1343*5 : 

546:J7 : 

6 0 

Fe 

1235*0 

55906 

Sd 

Ca 

1351*1 j 

54554 ■■ 

Bd 

F© 

1237*8 

56871 

2 c 


1352*7 

54531 

Bb 

Fe 

1239*9 

55846 

4 a 

Fo 

1366*5 

54490 

1 a 

1242*6 

55814 

6 c 

Fe 

1360*9 

54443 

1 a 


1245*6 

56777 

4d 

Fe 

• 1361*6 

54435 

1 a 


1247*4 

55766 

3b 


1362*9 

54420 

5 b 

Fe 

1248*6 

65742 

3d 


1364*3 

54405 

1 a 

1250*4 

55721 

3c 


1364*7 

54400 

1 a 


. ,■1251*1 

56713 

2b 


1367*0 

64375 

Qd 

Fe 

1253*3 

55686 

2b 


1371*4 

54324 

1 b 

Ba 

•i255*2''- 

'.•;i267*6'' 

556i63 

55635 

55624 

2b 

3c 

2b 


1372*1 

1372*6 

1374*8 

64817 

54311 

54286 

1 b 

Bb 

1 c 

Fo 


FOU KTEClTHOli'F’vS SVECTEAL LIKES 


TA7iU3 (continued). 


i 

Kirohhoff'H niottHiirn. 

Onrrotitod 

wavo-lt'ugUi, 

iii.m. 

()0(H>. 



1375*B 

54272 

2 a 


1 377*4 

54256 

1 a 


1H79'0 

5423B 

1 a 


13H{K) 

54223 

Ac. 

Fo 

1384*7 

54173 

4 c 


13Hfr7 

541(54 

5 h 

Cl* 


541 58 

2 6 


1387*4 

54147 

2 h 


1 3HU"4 

5412(5 

6« 

Vc 


54112 

hd 

Fc 

139t*SJ 

54074 

4 n 


13<)r»-3 


1 <! 


1 39(1*4 

54050 

2 c 

i 

i 1397*5 

54030 


!•'« 

14()()SI 

54005 

3 h 


1401-G 

531)89 

4 c 

Fo 

14«;m 

5*3975 



M04*l 

539(5(5 

1 1 h 


1405*13 

53954 

1 3 h 


HH)*5 

1 53896 


Fo 

141 13*5 

! 53874 

WSSM 


1414*0 

I 53859 i 



1415*H 

53H3H 

iHH 


141JH 

53797 



14^1*5 

53773 

Oc 

l-’o 

14{3fJ*0 

53759 

5 6 

F(i 

14133*5 

53753 

2 6 


H‘2r»*4 

53734 

5 6 

!\5 

14}37*5 

53700 

3 6 


14;3K*!3 

53704 

6 6 

Fo 

1430*1 

53683 

5 6 


14:U*‘2 

53(571 

1 6 


143H‘U 

53590 

4 

Co 

H40*53 

53578 

1 h 

Co 

1443*1 

53549 

2 h 


1443*5 

53544 

2 h 

Ctt 

1444*4 

53535 

4 b 


14JG*7 

63514 

4 c 


1448*7 

53492 

2 a 

Co 

1449*4 

53483 

1 a 

Co 

H50-H 

5:t4{)5 

5 0 

l*’<» 

1451-H 

63455 

&b 

Fo 

1 453*7 

53437 

1 a 


1454*7 

63425 

36 . 


145G*6 

63407 

1 a 


1458*6 

63386 

3 6* 


1461*5 

63366 

2c 


146!e*2 

S3347 

2c 


1462*8 

63341 

5 c 

Fe 

1463*3 

S333B 

ft c 

i 1' ‘• 

1464*8 

53320 

1 a 


1465*3 

63317 

1 a 


14(50*8 

5830® 

5 c 

Fo 

1468*8 

63282 

2 b 


1469*6 

53272 

1 b 


1473*9 

63234 

5 6 

Fe 

1475*3 

63220 

1 a 


1476*8 

63206 

1 a 


1477*5 

53198 

1 a 

i 


ICirchlioff’H mcasuro. 

Corroded 

wavo-longth, 

m.m. 

{Hm. 



1483*0 

53148 

4 b 


1487*7 

53102 

5 b 

Fe 

1489*2 

53087 

2 c 


1489*9 

53082 

1 a 


/1 491*2 

53070 

1 c 


\ 149 1*6 

53067 

3c 


1492*4 

53059 

4 h 


1493*1 

63063 

4 h 


1 494*5 

53038 

1 a 


1495*9 

53024 

1 a 


1497*3 

53012 

1 a 

Ctt 

1601*3 

52976 

2 5 


1604*8 

52944 

1 (1 


1505*3 

62938 

1 a 


1605*7 

52936 

2 a 


1506*3 

52930 

5c 

Fe 

1608*6 

52908 

6 b 

Fe 

1610*3 

52893 

2o 

Co 

1516*5 

52844 

4d 


1516*5 

52837 

4 c 


•1519*0 

52813 

4 d 


,, f 1522*7 

52782 

mSM 

Fe, (^tt 

1 1523*7 

52772 


Fo 

1525*0 

527(il 

lb 

Go 

1527*7 

52738 

Sc 

Fo, Co 

1528*7 

52731 

■ Sc 

Cft 

1530 -2 

52717 

4 ft 

Ca 

1531*2 

52707 

4 c 


1532*5 

62698 

4 A 

Ca 

1533*1 

52694 

4 b 

Ca 

/1 541*4 

52619 

Iff 


\154l*9 

62615 

3 5 


1543*7 

62699 

2 a 


1645*5 

52583 

2 a 


1647*2 

52670 

3a 


1547*7 

52666 

2 a 


1651*0 

62542 

2 a 


166J*(; 

52636 

2 a 


1656'(» 

62500 

2 a 

■ ' 

15 57 ’3 

62488 

3 tt 


1561*0 

52459 

1 a 


16 (>4*2 

52434 

1 a 


1566*5 

62414 

2 h 

Co 

I6(i7'5 

52406 

%b 


1669*6 

62391 

6 c 

Fe 

1573*5 

52360 

6 a 


1575*4 

52346 

1 b 


/1677-2 

52332 

5 € 

Fe 

\1677*6 

62329 

8 0 


1579*4 

62317 

2 a 


1680*1 

52312 

2 a 


1688*3 

52247 

Iff 

Cu 

1689*1 

5224® 

36 


1690*7 

52231 

36 


1692*3 

62217 

3 ^ 


1698-9 

52166 

2b 


/I 60 1*4 

62L48 

6 h 

Cr 

U601-7 

62145 

3^ 


1604*4 

62126' 

6 b 

Cr 


MDOCCLXXII. 
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THE ASTRONOMEll EOTAL, COEHEOTED WAVE-LENGTHH 


Table (continued). 



Oovi’octcd 



Kirchhoff’fl nieasum 

wavo-length, 

ITl 111 




0000. 



l606'4 

52110 

5b 

Cr 

1609*2 

52086 

5 b 


1611*3 

52072 

1 c 


1613*9 

52053 

36 


1615*6 

52040 

2 b 


1616*6 

52036 

1 b 


1617*4 

62029 

26 


1618*3 

62022 

3 6 


1618*9 

62018 

46 


l6gl*6 

61996 

1 6 


I6gg*3 

51990 

5 c 

Fe 

1623*4 

51981 

6 6 

Fe 

1627-3 

51953 

6 6 

Ca 

1628*2 

61946 

1 6 


1631*5 

61922 

1 6 


b 

/1633-6 

>1634*1 

61907 




51902 

6^7 

Mg 

VI 634*7 

51898 

4 g 

1638*7 

61870 

16 


1642*1 

51844 

1 6 


1643*0 

61838 

16 

Ni 

1647*3 

51805 

5 a 


/1648*4 

51797 

4 e 



) 1648*8 

61793 

6/ 

Mg 

V1649'2 

5J791 

4 « 

1650*3 

51783 

6 6 

Fc 


f/l663*7 

51767 

66 

Fe, Ni 


U 654*0 

51768 

4 c 


/1655*6 

51742 

6 e 

Ft', Mg 

M 655*9 

51739 

4 (1 

1657*1 

51731 

6 6 



1658*3 

517^4 

2 6 


\ 

to 1659*4 

51716 

1 


1662*8 

51693 

5 6 

Fe 

1667*4 

61668 

3 a 

1670*3 

61638 

1 a 


1671'S 

51630 

3 6 


1672*2 

61625 

4 a 

Ni 

1673*7 

51616 

4 a 

1674*7 

51607 

3 c 

Cu 

n676*2 

51695 

%d 


llG76*5 

61693 

4 6 


1677*9 

51582 

4 c 


1681*6 

51554 

4 c 


1684*0 

51538 

4 a 

Ni 

1684*4 

51635 

1 6 

1685*9 

61523 

2 a 


1686*3 

61520 

2a 


1689*5 

61498 

5 c 


1690 0 

51404 

5 6 

Ni 

1691*0 

61487 

56 


1693*8 

51467 

6e 

Fe 

1696*5 

51447 

3 c 

. 1697*0 

51443 

3c 

Ni 

1701*8 

61411 

5 c 

Fa 

/1704-6 

51391 

2c 


\1704*9 

51389 

3 6 


. fl707*6 

. , ;V1707*9 

61370 

51368 

2c 

3 6 



inoasuro. 

Oori* 0 (*.led 

wivo-k'iigfh, 

O'OUO. 


1710*7 

61349 

5 a 

1712*2 

51338 

31) 

1713*4 

61331 

J) h 

1716*2 

61317 

4 5 

1717*9 

61297 

4 5 

1719*4 

61286 

1 <f 

17S6-9 

61233 

1 a 

1727*3 

61230 

3 5 

1733*6 

61186 

6 5 

1734*6 

61178 

3 5 

1737*7 

61166 

5(1 

1741*0 

61131 

4 h 

1742*7 

51119 

1 a 

1743*1 

51117 

1 

1744*6 

61106 

2(1 

1748*9 

51076 

3 c 

1749*6 

61071 

2(1 

1750*4 

51066 

6 c 

1762*0 

51056 

2 5 

1752*8 

51050 

4 c 

1762*0 

50986 

3« 

1771*6 

60917 

3 c 

1772*6 

60912 

3 c 

1774*0 

60899 

2 h 

1775*8 

60887 

3 5 

1776*6 

608H3 

3 it 

1777*6 

60876 

3 c 

1778*6 

608(58 

3fl 

1782*7 

60839 

3 5 

1784*4 

60826 

15 

1785*0 

60822 

4 5 

1787*7 

60802 

2 c 

1788*7 

50795 

3 5 

1793*8 

50762 

4 5 

1795*4 

50751 

1 u 

1796*0 

50747 

1 3 rt 

1797*8 i 

i 50736 

1 1 u 

1799-0 i 

i 50727 

4 c 

1799*6 ' 

50723 

3 5 

1806*4 i 

i 50(577 

2 5 

1818*7 ' 

60595 

6 5 

1821*4 

1 50577 

6 5 

1822*6 

50570 

3 a 

1823*2 

50565 

2 (t 

1823*6 

50562 

2 a 

1828*6 

60527 

lb 

1830*1 

50518 

3 b 

1832*8 

60501 

2 a ( 

1833*4 

60497 

6 c 

1834*3 

50491 

6 c 

1835*9 

50482 

3 5 

1836*7 

50476 

3 c 

1837*5 

60472 

3 c 

1841*0 

50446 

4 5 

1841*6 

50443 

4 5 

1842*2 

50439 

4 5 ] 

1848*9 

50395 

2c 

1851*0 

60379 

1 0 

1853*2 

50364 

3 5 


Ni 


Cu 


Ni 

Ni 


Ni 

Ni 


Ca 


Ni 



mil KTKOIinOl^F’S SPEGTEAL LINES. 
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Table (contmucd). 







OurmiiTid 



ICm^hhoirn moaniiro. 

\vavO“lt‘uyUi, 



Kirclihoir’rt nioiiHurG* 

wavo-ltnigl.h^ 




inaiu 



1 lu.in* 




()'()(K). 




(>•()()(), 



1 Bf)4-0 

50.559 

2 b 


1966*2 

49578 

2h 


1854*1) 

50354 

4 a 


19()6*7 

49573 

2 b 


185(;*9 

50341 

1 a 


1970*1 

49648 

Zb 


1«57'9 

50530 

2h 


1974*7 

49514 

4 b 


18(>()-4 

50518 

2 b 


1975*7 

49506 

2d 



50512 

3 (.* 


1979*2 

40481 

Zc 



50505 

2 b 


1982-8 

49454 

5 ti 


18(>4*9 

50290 

3 5 


1983*3 

49449 

5 a 


1K<»7*1 

50274 

hd 

F<5 

1983*8 

49445 

6 u 


1 8(;h*4 

50205 

5 b 

Ni 

1984-5 

49440 

4 h 


18(»9'5 

50258 

1 c 


1985-8 

49430 

4b 


l87<Hi 

50250 

l\ a 

i 

1986*9 

49421 

2 a 


187Ji*4 

50257 

55 


1987*5 

49418 

3 a 

Ni 

1H75'4 

50250 

Cyb 


1989*5 

49402 

6 <; I 

Ba 

1874*13 

50220 

2 a 


1990*4 

4935)4 

5 /> 


1h74*H 

50222 

2 a 


1991*8 

49383 

1 b 


l87f)‘H 

50215 

2<: 


1994*1 

49365 

zb 


iy7<>*r> 

50210 

i)b 


1996-9 

4.9343 

2 a 


1H84*B 

50159 

(lb 


1997*5 

49340 

2 a 


1885*8 

60147 

6 b 


1999*6 

49324 

2 c 


1880*4 

60145 

&b 


2000-6 

49313 

Za 


1889*5 

50122 

^ f/ 


200 1-() 

49304 

5 c 

Fc 

1891*0 

50112 

lib 


2003*2 

49292 

zb 


I8ys*5 

50104 

r>b 


2003*7 

49289 

1 a 


1895*8 

50092 

1 b 


/2004*9 

49280 

2d 


1894*8 

1890*2 

50084 

lib 


V2005-2 

49279 

Of/ 

Fo 

50074 

4 b 


2007-S} 

4920*3 

6 « 

lA* 

1897*9 

50005 

1 a 


2008*1 

49255 

lb 

Ni 

1900*0 

50047 

1 a 


2008-6 

49251 

lb 


1904*5 

50017 

4 b 


2009-H 

4<)242 

2b 


1905*1 

50015 

2<! 

• 

2013-9 

49212 

2 a 


1908*5 

49989 

Sd 


20H-3 

49210 

2 a 


1911*9 

49965 

3 w 


/2015*7 

49198 

1 1 


1916*2 

49935 

1 d 


V2016-9 

49189 

J 


1917*5 

49927 

4 b 


/2017-7 

49181 

2 b 


1917*9 

49924 

4 b 


( 


1 


1919*8 

49912 

4 b 


'*2018-5 

49176 

2 b 


19iil0*2 

49!)09 

4 b 

Ni 

2019*5 

49 169 

2 a 


1921*3 

49902 

4 b 


2021-2 

49153 



1 922*0 

49897 

4 b 


2024*9 

49123 

1 a 


1 922*-l 

498.95 

4 b 


2025-7 

49112 

4 a 

Ni 

1 925*5 

4988.'» 

4 b 


2026-8 

491 06 

4 b 


1 925*8 

498(18 

4b 

Ni 

203M 

49073 

2 a 

Ba 

1928*0 

49855 

4b 


2035*4 i 

49058 

1 b 


i9;n-2 

498.‘W) 

1 c 


2039-6 1 

1 49005 

1 b 


1 952*5 

49825 

Ic 


2041-5 i 

i 48.091 

6 c 

'Fe 

1950*2 

1959*5 

49796 

49775 

3 c 

2 c 

• 

2042*2 

2044-6 

48983 

48966 

6 h 

Z b 

Fe 

J 940*(> 

49766 

2c 


2045*0 

48962 

Zb 


1941*5 

49700 

Zb 


2047*0 

48.944 

Zd 


1945*5 

! 49746 

2 c 


2047-8 ! 

48959 

Zb 


19'14‘5 

! 49740 

Zb 


2049-5 ■ 

48925 

3 a 


1947*6 

49717 

4 a 


2049*7 

48925 

3 a 


1949*4 

49703 

1 a 


2061*3 

48908 

3 c 


1953*6 

49672 

2b 


2053*0 

48892 

4 b 


/ c*/ 1960*8 

49621 

Qb 

4 


- Fc 

2053*7 

2068-0 

48885 

48849 

4 c 

6 c 

FeCa 

Vi961*2 

1964*3 

49615 

49593 

Qb 

2 c 


2060-0 

2060-6 

48832 
48827 J 

2 h 1 

2 a i 

1 


0 2 
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THE ASTllONOMEH KOYA.L, (X)fniRCTt!)l) WAVlWlMNCiTHH 


l’'ABLtfl (coutiunod). 


KirohhofF’a mcasuro. 

Oori'oolcd 

isravo-longlili, 

m.in. 

0*(K)0. 



2061*0 

48824 

] a 


2064*7 

48790 

2 c 

Ni 

2066*2 

48778 

5 c 

Fe 

2067*1 

48770 

5 c 

Fe 

2067*8 

48766 

35 


2068*8 

48768 

36 


2070*6 

48740 

15 


2071*3 

48735 

1 6 

Co 

2073*6 

48719 

3/j 

Ni 

2074*6 

48709 

2 5 


2076*5 

48693 

1 6 


2077*3 

48686 

25 


F /2079'3 

48666 

4 a 


)2080-0 

48663 

6£r 


12080*6 

48660 

4 c 


2082*0 

48642 

6« 

¥ 0 . 

2084*6 

48024 

%b 


/2086*0 

48610 

1 1 


to 12086*9 

48603 



2086*9 

48603 

3 5 

Ni 

2087*6 

48698 

1 a 


2089*7 

48683 

1 a 


2090*9 

48673 

1 « 


20D4*() 

48546 

2 5 


2096*8 

48523 

15 


2098*8 

48505 

1 a 


2099*8 

48499 

2 fi 


2100-4 

48494 

1 a 


2102*6 

48476 

4 a 


2103*3 

48469 

4 5 


2104*0 

48463 

4 rt 


21 06*1 

48466 

45 


2107*0 

■48439 

1 a 


2107*4 

48435 

2 a 


2109*1 

48424 

2 5 - 


211M 

48405 

3 5 


21127 

48391 

35 

Ni 

2116*0 

48372 

3 a 

Ni 

2115*4 

48367 

3 a 


1 2119*8 

48331 

1 5 


I 2121*2 

48316 

45 


1 2121*9 

48311 

6 c 


2124*3 

48290 

15 


2125*1 

48284 

25 


2127*7 

48260 

35 


2132*3 

48219 

2 a 

Co 

2132*7 

48213 

1 a 


2133*8 

48203 

2 a 


2134*3 

48200 

1 It 


2136*0 

48186 

5 a 

Zn 

/2 138*0 

48169 

%g 


\2188‘4 

48166 

4a 


2139’6 

48154 

4 a 


^ . . 2140*4 

48147 

4 a 


.,i •214i*9 

48135 

2« 


2U|'4 

48131 

5 a 


. ;„-2r44*6. 

48112 

4 a 



48092 

3 £t 



48089 

4 a 



K iir hh(»ir'» tiuMiHuro. 


yns-r. 

ai4H'9 

3ir»(M 

53160*5 

53157*0 

53157*4 

5315!)‘0 

531 ( 5 ()*(J 

53lC)0*<) 

atOl'T 

53Hly*() 

531(ia*7 
53l(»4*0 
)3l07*f» 
13171*5 
1317!3*53 
ill 75*7 
53170*4 
y 1711*9 
yiHi'Sj 
aiH'Hl 
531K0*5 
i3JH7*l 
yiH7*9 
531HH*5 
531‘HM 
/531i)l*!) 
\i3i‘)y*:t 
«lf)3*U 
y I *15*7 
53197*1 
53197*7 
5319H-H 
S199’53 
535301-1 
S5301-9 
gf30.'{*a 
y5300*» 
535305*1 
yyoO‘4 
siaoO-7 
s}s3ori*i 
)2i3U-7 
y5313-4 
53^15*1 
532if>‘7 
ygi7*5 
y52iB*;i 
!3SJ0‘H 
5i!?!3J*;i 
532531-7 
ssmas-H 
22533*5 
22535*4 
2S26-2 
2227*0 
222H*6 
2220*1 
2230*7 


( Uiri-(*c(t'tl 


wavi'-lt'Jiglh, 


tii.iii. 


(Mino. 


' 1 H ()79 

4 (/ 

48076 

3// 

48069 

3,t 

48068 

3 If 

48014 

3 a 

4H011 

fta. 

47998 

1 <• 

47984 

Ba 

47981 

4 a 

47975 

4 a 

47966 

Ha 

47957 

4 a. 

47952 

4 a 

47924 

6 5 

47889 

3 5 

47884 


4 7854 

2 5 

47849 

1 5 

47819 

5 5 

47H08 

3r 

47780 

5 5 

47769 

3 5 

47764 

5 a 

47757 

tta 

47752 

5 a 

47739 

Uh 

47725 

3 c 

47721 

5 5 

47713 

5 a 

476HH 

25 

47678 

2 5 

47673 

25 

47663 

4 a 

47660 

3 a 

47645 

25 

47(»3k 

5 c 

47626 

^a 

47(i23 

1 a 

47611 

1 5 

47I>01 

t a 

4 7598 

1 u 

4757a 

4 /* 

47556 

45 

47542 

4 5 

47529 

1 5 

47515 

3 5 

47507 

3 5 

47501 

3 a 

47489 

35 

47476 

1 a 

47473 

1 a 

47469 

5 a 

4745a 

3f> 

47443 

25 

47434 

4 5 

47423 

2« 

47415; 

2 a 

474JO 

4u 

47397 

4 a 



101 


VOR KIKOIIIIOI’F’S SlWntAL LtNEB. 


Taulw ((’.ontinnod). 


KircliholT'B raoiiHurcv 

Corm'lt'd 

wav(!-Uingt,jj, 

in.ttt. 



Kirchlioirs niouHuro. 

wavo-lflngUi, 

0-(MK>. 



2:33 1-2 

47302 ‘ 

a 


2316-0 

46723 

26 


2232-3 

47385 

4 a, 


2316-6 

46718 

16 


/2233'7 

473714 

5 V 


2322-0 

46676 

26 


\2234-0 

47369 

2(.' 


2323-0 

466(59 

2 6 


2237-4 

47345 

1 b 


2325-3 

46649 

6r/ 


2238-7 

47336 

1 b 


2328-3 

4662(5 

5 b 


2240-0 

47324 

3 5 

Zit 

2320-5 

4(5618 

5 6 

Cu 

2:341-4 

47310 

2 5 


/2332-8 

46592 

26 


2243-1 

47281 

‘Ab 


\ 2333-0 

4(5589 

5 d 


224()-2 

47272 

1 h 


2334-1 

4(>5H1 

2d 

Ni 

224 H-2 

47256 

Ac 


2335-0 

4 (5574 

mm 


/224!)-7 

47246 

ih,. 

N1 

2336-2 

4(5565 

2d 


\22f»0-0 

47241 

Ad 


2336-8 

46561 

5 6 


22fif>*4 

47198 

Mi 


2330-0 

46540 

4 6 


22r»(>*2 

47103 

ab 


2342-5 

46510 

id 


2237*1 

47185 

4d 


(Voiu /2343*7 

46508 

1 


22.57-(5 

471HI 

ab 


U345'l 

4(5496 

2d 


2238-3 

4111 ti 

at; 


2346-7 

4()4K3 

4 b 


22r»l)-4 

47171 

4r 


2347-3 

46478 

46 


2261-4 

47156 

1 b 


2340*4 

46464 

1 6 


2262-1 

47152 

iiu 


2340-0 

4(5460 

2 6 


2263-4 

47142 

2« 


2351-4 

46446 

1 tt 


2264*3 

47136 

i\d 


2352-2 

4644 1 

2 6 


22ft6*2 

47121 

2 M 


2;)54*1 

46426 

fit; 


2266*{i 

47118 

an 


2357-4 

4640:1 

bn 


226H-0 

47105 

3 n 


2358*4 

46300 

5 6 


2261M 

4709H 

A a 


2361-0 

46371 

id 


2260*0 

47002 

An 


2362*2 

4(5363 

1 a 


2270*2 

47080 j 

3 « 


2362-6 

46362 

4 6 


2274-2 

47064 1 

1 d 


2364-0 

4(5350 

4 6 


227H‘4 

4702(5 

4 1; 


2365*0 

4(5336 

2 b 


2271)-H 

47018 ! 

2 a 


2366*8 

4(5330 

lb 


2280-7 

47000 

2u 


2367-7 

4(j323 

2 b 


2282-0 

46098 

1 n 


2360*7 

46309 

2h 


2282-3 

46096 

1 b 


/2371-4 

i 46295 

2b 


2283-0 

46084 

2 a 


\2371-6 

46204 

46 


2284-0 

46075 

2 b 


2372-4 

46287 

4 6 


2286-1 

46066 

2b 


2374-2 

4G272 

3 6 


2288-1 

4(5940 

2 n 


2375-0 

46268 

2 6 


IVoHii /2280-J 

46042 

1 


2375-6 

46264 

46 


\2280'0 

46035 

2h 


2376-3 

46-259 

16 

1 

22<)<)-4 

4603) 

1 h 


2370 0 

4623(5 

6 c 


2201-8 

46021 

sj// ; 

Z.i 

2381-6 

46217 

Gc 


/ 2293-1 

46910 

2n ! 


2386-1 ; 

40185 

Ah 




1 


2386-6 1 

40181 

2 a 


\2293-6 

46005 

Ah 


23H8-7 ' 

40103 

2c 


2294-5 

46898 

2 b 

ca 

2389-7 ■ 

46155 . 

2c 


2301-7 

46840 

4 c 


2390-7 

40149 

3a 


2302-9 

46829 

Ah 


2391*2 

46143 

16 


2305-3 

46807 

Ad 


. 2893*1 

46131 

56 


2306-8 

46797 

4 r 


2394*4 

46121 

4 a 


2307‘« 

46788 

1 h 


/2396'8 

46111 



2308-2 

46786 

6 5 


12396-1 

46110 

Ab 


to /2309-0 

46780 

6 a 


/ 2396*7 

46106 

2u 


\2310’4 

46770 

1 


( 


1 


2310-0 

46766 

2 


\ 2397*4 

46099 

2 a 


2312*5 

1 46752 

Ah 


2399-6 

46084 

3 0 , 


2313-7 

46742 

Ah 


2399*9 

46082 

Aa 


2314*3 

46737 

Ab 


2402-2 

46061 

Ab 
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Table (coutiiiued). 



Comiotod 




KirchliofP’a moasuro. 

wavivlonglh, 

tn.iTi - 





O'OOO. 




240:VJi • 

46052 

3 h 



2404*9 

46041 

2 h 



2406*2 

46032 

2 h 



2406*6 

46029 

6 0 



2407*2 

46022 

1 h 



2408*2 

46016 

4 6 



2409*0 

46009 

1 h 



2410*2 

46000 

4h 



2412*8 

46985 

3// 



2414*7 

45969 

2 h 



/24l6*0 

46961 

Sd 



\2416*3 

46967 

5 h 



2418*0 

45946 

3 6 



2419*3 

46937 

5 6 



2420*6 

45927 

2 6 



2422*3 

46915 

6d 

Co 


2423*8 

46904 

3 c 



2424*4 

46899 

4 6 



2426*6 

45886 

4 6 



2428*4 

46871 

1 a 



2429*6 

46864 

3 6 



2431*9 

4684(5 

2 6 



2432*4 

46842 

1 6 



/2436*3 

46820 

2 6 



^2436*6 

468 1 9 

r> 



,2436*7 

(2436*6 

46816 

2 6 



46810 

6« 



243«*5 

46796 

1 



2439*4 

46789 

26 



2440-0 

46 7 84 

1 a 



2441*8 

46770 

2 «• 



2442*4 

46767 

1 w 



2443*9 

46766 

5 a 



2444*2 

45753 

5 



2446*3 

45746 

1 0 



2446*6 

45735 

5 6 



2462*1 

46C98 

2r; 



2464*1 

45678 

4 6 



2467*5 

45656 

4 6 



2457*9 

45652 

4 6 



2468*6 

46647 

3 « 



2459*5 

45640 

2 6 



2460*4 

46632 

1 c* 



2461*2 

45626 

66 

Ba, 


2463*4 

46609 

4 6 


2466*0 

46688 

3ft 



.‘2467*3 

)2467*6 

(2467*9 

46579 

45576 

45674 

3 c 

6 c 

3c 



2468*7 

46668 

3ft 



2470*1 

46668 

4ft 



/2471’2 

46660 

2b 



\2471*4 

46548 

4 ft 



2472*9 

46637 

4 ft 



2473*8 

46530 

2 c 



, . 2474*6 

46624 

4 6 



2476*6 

46619 

1 c 



2477*4 

46603 

2 ft 



■ 2477*8 

45600 

2 ft 




U'm!llU<)U"H lllt(!«HUrO. 


:J‘l7s-7 ! 
a47J)'7 

5J4HO'l 

a4rti'i 

«4H5i*4 

a4H7*0 

S24HH*ii 

L»48U*1 

/a4iK>*r> 

\}34<J0*H 

J349;{*0 

(24iVA'(i 

Vii4B.’M> 

i24‘ir.‘H 

ii4|)7*.*3 

J;i4UU‘0 

!jr»()0‘a 

vjr»(W’4 

y/»0B'4 

LTilJif'J 

yfiia'ij 

yr.i7«o 

(Uti 1 
Wf»lH‘4 
jenyO'J) 

B5yr>‘0 

SJfjyri-i 

ar».'H?4; 

Jir»a7*i 

anaH'O 

Sfi44*f) 

sr»4rr4 

g547-a 

je647‘7 

2548^4 

S549-7 

SAnO>l 

\ai>S1*4 

/255g»4 

\gr)6SJ'C) 

2553*6 

2554*0 


< '(vvnvh'd 
\vav<'"l('UgUi, 
tn.iii. 


■15 4 9 5 

n 

45480 

2 it. 

454H4 

2 it. 

45475 

1 n 

4.547 1 

1 ti 

454(17 

1 <? 

45437 

5 6 

45433 

5 5 

4542(1 

4 6 

454 IK 

5f7 

4541 1 

5 a 

45408 

iStl 

45394 

3 it. 

45390 

5 tt 

453KH 

*Kr 

45375 

5 6 

45364 

(If/ 

45352 

3 6 

4534(1 

3 if 

45342 

4 r* 

45329 

4 ** 1 
16 1 

453: *7 

45304 

4 d 

45279 

•Zil 

45.258 

( 

45256 

2 (t 

45252 

2 ft 

45249 

1 6 

4522(1 

3 6 

4523 (I 

2 i* 

45214 

3 u 

45199 

3 it 

45189 

1 // 

45172 

2 a 

451(18 

1 6 

4516(1 

4 « 

45124 

2 If 

45100 

2 6 

45096 

i» If 

45092 

1 6 

450K9 

5 f .' 

45082 

t 6 

4508(1 

2 ti 

45067 


45047 

4 c 

46040 

2d 

46034 

\ 1 ft 

4.5020 

1 6 a 

45016 

2 ft 

46012 

1 c 

45003 

1 b 

46000 

1 6 

44991 ; 

1 6 

44989 

3 ft 

44083 

3 ft 

44981 

1 6 

44975 

3ft 

44972 

3 ft 




Uix 


Vt 
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VOM K;ilU3nn().R]''’H ftPEdrUAL l.TNKB. 


TaiUuK (coiitimiod). 


1 

‘r* MU'M 11 n*. 

{ \ ll'I’I'I'll'tl j 

;i\ .‘-IfM"! 11, 
IIUUU 

1 

1 


Kirrliliorr;: incjisiiro. 

(.!(jrv(JCjlod 

wavn-louf^th, 

ni.DU 

{m){\ 




44l)(ir) 

a a 


)3(l!24-l 

44496 

1 b 


\}2r»r»rr,i 

•'14£K>4 

2 <: 


:20i3r>‘!2 

44487 

6 a 


ar)r»(>*3 

44U55 

S t: 


•£J(>!25*9 

44482 

4 a 



44U.'lii 

l\f> 


sGaO-a 

44479 

2 a 



441)17 

4 5 


a(l37'0 

44475 

Bb 


3r>(!4*« 

441)05 

:i f> 


13027‘9 

44408 

2 a 



44HUH 

(> (* 


aO'JH-9 

444O2 

Iv 



4 4 HOI 

t> A 


5i)(5!i9‘7 

44458 

lb 



44KHH 

a d 


S)0a0-5 

44452 

1 a 



44H70 

a * 


iwMiaaHi 

44431 




44875 

ii/f 


;i{la4-1 

44427 

1 d 


*4r>74*4 

44844 

f> a 


i:i0a5*5 

44420 

3 5 



44801 

iifl 


HiilUM 

44415 

2 0 


ijriHi-o 

44700 

1 ^^5 


‘i(ia7‘4 

44408 

4 b 



447HG 

1 n 


/ji(!aH*5 

44400 

V'- 1 

Ca 


447HII 

a n 


ViJOaH’H 

44:il)H 

5 a J 

•2r>Hl2*4 

44771) 

S* 0 , 


SJ(}a94» 

4439:1 

1 V 



4477G 

1 « 


liCMO'O 

44:iH() 

2 c 


• !,*£iH44) 

447(17 

a 


iiiUUi 

44379 

1$ {* 


«r(K.V4 

44751) 

r>5 


I304li*5 

44:174 

2 a 


yriKT'i) 

44741 

a« 


a04a*!ij 

44:171 

1 u 



44757 

5 5 


:j(i4:i»5 

44:109 

1 a 



447!iJl) 

1 ff 


s(54ri*i> 

44356 

4 5 



447 18 

4 It 


gJ(}40«sJ 

44351 

2r/ 

(La, Di) 

»r»}H*7 

44715 



/i2050-r) 

4432(1 

f> A 



44705 

1 <r 


\S0f>()*7 

44:124 

Jt a 


/-Ja'iH'I**) 

44(»o;) 

2 h 


milBii'D 

44309 

1 f/ 1 


( 


1 


Uooa*]^ 

44307 

5 b J 



44(11)0 

4 tt 


IV(HU /sior»(i’7 

44280 

1 



44GHti 

4 « 


Vi3fi57‘9 

44280 

lib 




1 


g0r>8*0 

44275 

1 b 



44GHsJ 



2004*9 

442:i0 

3 c 


‘Jf»y7*7 

44G7;) 

lib 


2(105*9 

44229 

3/7 



44G<»8 

1 h 


2000*7 

44224 

1 b 



44(lG5i 

Ilf* 


20O7-0 

44216 

3 a 


Wr»5)*)*7 

44GG1 

55 

i 

1 

2008*0 

44216 

1 b 


sJ(>0<>4» 

44054 

a « 


2009*4 

44206 

3 b 


■2(;oi4) 

41(15! 



/•^ 2070*0 

44201 

6 t! 

Fu 


44(;4;; 

4 h 


207:1*8 

44176 

1 a 



4 iG.'iG 

1 u 


2074*5 

44171 

2 a 



•14G;{| 

'» h 


2675*6 

44103 

2 c 


ydO'i-o 

4 4G‘JH 

1 ti 


2076*6 

44156 

2 a 


SifJO'l'H 


4 h 


2(>77*S 

44161 

1 a 


i>(;or»-s 

4 iGiG 

:\h ^ 



267H*4 

44143 

I a 




0 



2079*0 

44139 

2 a 


^•isnoG-fi 

4 40 10 

5 c 


Ca 

/2680*0 

44133 

Bb 



44G07 

ac ^ 



\2680*2 

44131 

wsm 


GGOK-3 

44599 

1 C 


2681*2 

44126 



yG0S4; 

44597 

1 b 


2683*1 

44112 




44595 

1 « 


/2686*0 

4409:1 



‘>G 1 O-y 

44 5H7 

1 tJL 


>2686*4 

44091 


Fc 


4457:1 



(,2686*8 

44089 

3 <i 


■iG » ‘M'l 

44504 



2688*4 

44077 

2 c 


‘*01 4] 

44501 



/2690-8 

44061 

Bb 


y(J 1 0'G 

44547 



\269M 

44069 

Be 


aGH)*i 

4 4550 



2692*3 

44062 

3 c 


JiG I ')'4 

j 445!d5 

a 


2693*5 

44046 

4 c 



44r)«*iiJ 

a it, 


from 2696*2 

44033 

1 1 



44509 

l b 


to 2696*8 

44023 

J 
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Table (coiitintiod). 


Correotoil 

Kbrfihoff’s moasuro. '^vavo-longth, 

m.m. 

001 ) 0 . 


2698*3 
from /3699*8 
V2700-7 
/2703-1 
>2702-3 
( 2702*6 
2703*5 
from 2703*8 
to 2704*9 
/2707-4 
(2707*7 
2708*9 
2709*6 
mi 0*6 
( 2710*9 
2713*9 
2713-8 
2713*3 

2714*3 

2716*S 

271(5*1 

2718*5 

.2719*0 

\2720*2 

2720*8 

2721*6 

2722*8 

/ 272 f >*6 

\272C*« 

2736*8 

2728-0 

2728*4 

2729*8 

2730*7 

2731*6 

2733*4 

2733-7 

. 2734-1 

^2736*7 
2736*6 
2736*9 
2737*4 
2737*8 
2739-2 
2739*9 
2741*3 
2741*7 
/2743*8 
) 2744*1 
(2744*3 
2746*8 
/2747*2 

(2747*6 

2748*0 

2749*8 

2750*6 

2754*6 


44015 

44006 

44000 

43992 

43991 

43989 

43984 

43981 

43975 

43960 

43958 

43951 

43945 

43,940 

43938 

43932 

43926 

43923 

43917 

43913 

43907 

43893 

43890 

43883 

43879 

43874 

43867 

43852 

43H49 

43843 

43835 

43833 

43826 

43820 

43814 

43809 

43802 

43799 

43790 

43785 

43783 

43779 

43777 

43769 

43766 

43757 

43764 

43741 

43740 

43739 

43724 

4372s 

43720 

43718 

43709 

437O6 

43682 


} 2 ] 

\(>\ 

]3J 

2 </ 

3 a 
2 a 

4 5 

1 h 

2 0 
1 h 
3rt 
I o 
5/; 

35 
1 

3 b 

36 
‘6 b 

1 a 

2 a 
2 0 
1 6 
3<? 
3^. 
1 / 

4 c 

1 





43613 

43(507 

43(i0(> 

43598 

43594 


Kirchlioff'H inoaMui-y. wavo-longUi, 

in.Tn. 

0(M)0. 


2755*4 

2755-H 

275(5*6 

2757*2 

2759*4 

27(50*1 

27(50*6 

27(52*0 

2763*8 

27<>7*2 

27(58*2 

27(5h*6 

2770*0 

2770‘H 

2774*0 

.2775*4 

>2775-7 

(277(5*0 

/2777*3 


''2777*H 

2778*6 
2781*2 
278 
278 
278 
278 
278 
278 
2789*1 
2790*6 
271)1*1 
2793-0 
2794*0 
2795-7 
,279(5-7 

,27<)7-6 

^2798*0 

^ 2798-9 

W 99*5 

^ 2800*1 

^2800-7 

^ 2801*4 
8804-5 
8805*4 
8806-9 
8807*8 
/ 8808*6 
> 8808-8 
( 8809*0 
8810-8 


43455 

43453 

434 4.8 

43445 

43443 

43440 

3435 
3419 
3414 
3405 
3403 

3396 

3395 
3394 
3384 
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TakIjK (ooutinnccl). 



(Umvrlod 







Kirchlioir's luciiHm’o. 

wavo-li‘»(j{t,h, 

in.ni. 

fHlOO. 



KircliluiirH inonsurn. 

wavp-l(Miglh, 

ni.tru 

0*(K)(). 



0H11*7 

43370 

2^/. 


/285l-() 

43158 

3 6 


yHia-o 

43377 

2 (t 


( 


2 


/SHI ^*5 

4337r) 

2 a 


/2 8 52*0 

43155 

4 a 


U»H12*8 

43:$73 

1 r 


1 


2 


2H14*1 

433()(> 

1 h 


/2862*3 

43154 

4 a 


28 17*7 

43340 

3 <• 




1 



43338 

{\h 


2853* 1 

43148 


3 


aHU)*f) 

43330 

2 h 


2H53*(; 

43145 



SJHSJO-O 

43331 

» 6> 


2854*1 

43M2 


6 

A 

} Fc 

j3H!31-0 

433(20 

) 

* n 


Q 2854*7 

43138 



} Ca 


433SJri 

f 

Ft’ 

2855*2 

43136 


' ^ 

*•> 



4332(2 

}' 

286 5‘7 

43132 

f '* 


( 


3 


2850*0 

43124 

4d 



43317 

4 0. 


from /2H57*0 

43110 

3 



/ WHiid'ii 

43313 

3« 


\2858*5 

/ 

43116 

4 a 




43300 

2 

4(J 

3 

4^ 


^858*0 

43113 

li 

2 


>*Sr 


43304 


2869*4 

43110 


3 



^)imH 

43300 

«5 

4/' 


2800*2 

43105 


1 


88(48-0 

432H8 

Uh 


/28{)0*0 

43101 


^3 


88:>0-7 

43278 

•'»// 



43007 



£834*(3 

43280 

5 f.- 

Ca 

/28(U-7 
>280 1*0 



8837*7 

43241 
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43088 

36 
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43085 
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43200 
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4 


8B44-0 

43205 
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;2864*2 

43081 
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43196 
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( 


.2 



2 


;2804*7 

43070 

46 

Ca 

;8840‘1 

43191 

3« 


( 


2 


( 

2 


;2865*3 

43075 

4 c 


/884C-0 

43180 

4 0 


( 
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1 

i 

;2866*3 

43060 

Zb 


/aB47-7 

43181 
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( 

43065 
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2 
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/SH48‘0 

43170 
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( 


2 


( 
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>868*1 

43058 



/2B48'4 

48177 

Zh 


( 




( 

2 


>860*7 

43048 


Ca 

)S848-S 

48174 

Zb 


^71*2 


4 


2 


43030 


4 d. 


|j3849*3 

4317® 

Zh 


.2872*2 

43033 




2 


( 
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/2849-8 

43168 

36 


;2873*4 

43025 
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/8850'2 

48167 

36 


.2873*0 

43022 
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|8B60’7 

43163 

Zh 


.2874*3 

48010 
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THE ASTHcmOMER liOYAL, COBEEOTIOI) WAVlO-M3NnTim 


Tho following Tables are to be sxibstitutcd for tlKvso in pages 51, 52, 5;}, uf tin* 
Memoir in the Philosophical Transactions, 18G8. 


(vonvorsion of Kmcmiopp’s Spectral Measures into Wavo-fiongths in terms of tlu^ Milli- 


metre, for the lines produced by Metals and Air. 


(The lines marked with an asterisk appear to coincide with dark Un<\s in tin* S<tlur 

vSpcctrum) — Note by KiHcnnoi''i«\ 


CoiToctfid 

wavo-loiigtli, 

ni.iu. 

O'OOO. 



KirfUhrtiV'H hh'uhuwi. 


Kirclilioff’s meaauvo. 


Ce 

1190-1 
1S49-9 
1356-7 
1539-1 
1332-4 
1330-2 
1385-0 
1401-7 
*1438-9 
14(10-9 
151 7-9 
from 1571-0 
to 1573*4 
1573*0 
1623-1 
from 1629'3 
■ to 3 C30-4 
1683-1 
1725-5 
*1777-5 

from 1 782-4 
to 1784-5 
1938-8 



Bi 

1335-0 
1330-0 
from 136-J‘5 
10 J3()5-3 

1431-9 
147M 
from 1518-6 
*ln 1519-4 
1536-0 
1641-4 
1548*9 
*1 567-6 
1709'2 

La 

from 1411-6 
*to 1413*8 
1416-8 


56467 

1 

55737 

1 

55645 

1 

54799 


64764 j 

2 

64731 

1 

54170 

2 

53988 

2 

5.3591 

3 

63359 

1 

52824 

3 

52381 

523G9 

52364 

} ' 

».> 

fi 1 ()H4 

1 

51937 

511)31 

} “ 

51544 

1 

51243 

1 

60877 

3 

60843 

50823 

} • 

497H0 

2 

48899 

i 

47473 

1 

56028 

o 

5. 5 960 

1 

54402 

} ' 

54394 

ri3G6-l 

i 

53361 

1 

52818 

52810 

1 

52669 

1 

53619 

1 

52556 

• 2 

62406 

1 

51359 

2 

53885 

53871 

1 * 

53827 

2 


M51-0 

l()0(i-K 

1627*9 

Kh'M-H 

2136-8 

(r.a, Di) 

1025*0 
lOlM-5 
1066-1 
1071-1 
1075*6 
1077-0 
1092-1 
M 302-0 
*1303-4 
1317*6 
1345*4 
frojn Mh 6 'H 
*to 1 489*2 
♦1622‘3 
*1623-3 
1716*6 
1728-H 
from 1894-5 
*U) 1895-2 

1903-0 
1940-2 
fn ro 1988-6 
to 1989-5 
3003*8 
3004*7 
2031-0 
20H1-0 
212J-4 
220y-2 

2214-5 

2217*8 


1114-7 
*)HG-2 
1 1 64*9 
i 1 85-6 
1264-6 
12G9-0 


(’in-rciftfil 

m.iit. 


53464 

52107 

51949 

51898 

4H178 


r.872fi 
5H162 
5H141 
.'»H(J67 
.'»H007 
579HH 
<*/ / /6 
53114 
55097 
5 4 931 
54617 
53)10 
53087 
51990 
511)82 
51307 
51219 
500H6 
50082 
50027 
49769 
49408 
49402 
49289 
492H2 
49043 
48665 
48314 
47587 
47533 
47506 


I 

i 


I 


57460 

570.38 

56789 

56521 

.55551 

55489 


I 


1 

I 

1 

I 

I 

1 

.2 

1 

f » 

I 

I 


1 

1 

2 

2 

2 

1 

1 

1 

1 

2 
2 
« 

1 

2 

* 8 
3 


1 

2 

3 

1 

3 

3 



mil K.iRonno.ii'F’H hpectral lineh. 

"i'AnLE (crmtiimecl). 


Kin'hliofT’H jncvwuro. 

(Jorriu'.UHl 

wavo-lrngUi, 

nMu. 


.Iviroliljo(V’« mcaHixro. 

OorriKMitKl 

•\vavo-U!i>p[lJi, 

m.ui. 

<)•()( )(». 

IJ-WI 

33380 

1 

121J23*() 

48393 

from 14(){)*() 

34007 

1 *--> 

sjioa-0 

47973 

*to 140()-7 

34000 




1430-1 

330K3 

1 

Pt 


1447*« 

33300 

1 

13123*7 

31838 

1477'« 

33ji0)3 

1 

from 1 488*12 

33007 

14<)ri-2 

33030 

3 

to 1480*0 

33089 

1340*0 

3520 3iJ 

1 

1370*8 

323U(» 

from ir»(»(i*r» 

3124 1 4 

\ o 

from 1800*1 

30078 

to 1507* I 

312409 

/ 

**to 1800*9 

3O073 

H>0J*4 

312149 

1 

13037*0 

48837 

from KHiO'O 

317liJ 

1 3 



to l{.Uf()*7 

31707 


(Hu, Ir) 


irasj*!) 

31100 

52 

1348*3 

343812 

180 1*1) 

30708 

1 

♦1480*9 

330852 

«0n!!3*0 

48814 

13 


. 


AtimoHphoru; lincH* 







Kirt'hlwiir'M 

Wlt.v<*«'l<*tl({ill, 

fit ^tl 


K i P(4 ih< tlV'rt imniMU j’ji. 

wnv»vlnnf;t4i| 

THitlll* 


O'OOO. 



()*(KM). 

7 « • -1 

03123:2 


077-7 

39304 


<>o«(>ie 


i)813*0 

304520 

1)4‘)'4 

00037 


0813*3 

504524 

<)41)*H 

.000129 


088*9 

50304 

oni7 

30091) 


<)H0*13 

305290 

1)34 -SJ 

30043 


080*0 

501201 

<)f>K*K 

30839 


003*1 

501230 


30843 


093*4 

50)2520 


30HOO 


098*1 

59130 

1)03*7 

30704 


000*3 

501520 

1)04*4 

30733 


1000*0 

50106 

1)03*7 

30790 


1001*4 

50084 

D0H*7 

50000 


1003*8 

50004 

D0l)-« 

50008 


3008*3 

58008 

9W> 

59057 


iooo*s 

58055 

070*3 

30040 


1010-5 

58030 

97SJ7 

3900B 


3033-0 

58888 

07*1*3 

50308 


1013*1 

38871 

073-0 

30330 


10)0*4 

388312 

073-7 

; 30340 

1 

J 01 7*7 

3HS34 

970-J 

j 39334 


1018-12 

38820 

977*4 

1 39310 
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T.IIE ABTRONOMEll HOYAL, COHHEC™) WAVE-LMNGTtlS 


Measures of Wavc-Ijengtlis, in Millimetres, for the Mpectriil luues produced by Air und 
different Metals: collected from the Tables in the Phil. TniiiH. 1808, atul corrected 
by the general Table of Corrections above. 


Air. 

m.m. 

C'OOO. 

65734 

65716 

65696 

65352 

64896 

60084 

60063 

60037 

60029 

59990 

69944 

59860 

59845 

69800 

59764 

69753 

59730 

59669 

59668 

59657 

59640 

59608 

59668 

59556 

59640 

59534 

59610 

59604 

59439 

59434 

59304 

69099 

59391 

59230 

59013 

59139 

59120 


Ba 

m.m. 

0 - 000 . 

650C0 

61520 

61208 

58626 

67902 

55438 

65283 

64324 

49402 

49073 

45626 

45329 

46327 


Ca 

67232 

65083 

65026 

64795 

64707 

64595 

64494 

61798 

61725 

61311 

61113 

68666 

56118 

66102 

66072 

66033 

65988 

55972 

55906 

5:jr)44 


Ca 

m.m. 

O-OIM). 

43135 

43079 

43049 

C(.l 

64494 

4G898 

Cc* 

56467 

55707 

55644 

54799 

54764 

54721 

54170 

53988 

53591 

53341) 
52H24 
5038 1 
52361) 
50364 
51984 
5193H 
51931 
51544 
51243 
50876 
50843 
50826 
49780 
48899 
47473 


i 591 06 

52780 

61.311 i 

; 5908;) 

527:} 1 

54916 

i 50004 

,52717 

53589 

! ,58967 

52698 

5,3578 

■ 589-55 

52G94 

53490 

! 589.36 

5195:1 

5.348,3 

1 58888 

50501 

.52893 

i 58871 

48849 

.52761 1 

58850 

44616 

59739 j 

588.34 

44611 

52414 1 

58826 

44607 

48735 i 


44400 

48218 ' 


44.398 

48013 

Am 

44,309 

47889 

62869 

1 44:107 

47600 

48013 

' 43262 

45915 ! 


4:3139 

45,389 1 


Cr 

iu.m. 

0 ‘(,) 00 . 

54164 

52148 

50106 

52110 

Cu 

57900 

53012 

52248 

51607 

51131 

46618 

l)i 

56038 

55966 

54400 

54394 

53664 
53061 
5081 8 
60HIO 
50669 
52611) 
52556 
52406 
5J359 

64999 

64094 

63116 

60404 

62013 

6H65 

60774 

60393 

59250 

57720 

50330 

56250 

56118 

55952 

55846 

55814 

55777 

54711 

54637 

54554 

54531 

54400 

5437.'> 

54;jJ2 


.I'o 

lu.m. 

O-O(M). 

54022 

54173 

54125 
.541 1 1 
54039 
53989 
5381)6 

53773 

53759 

53734 

53704 

53465 

6:)45() 

53341 

53338 

53302 

53234 

53102 

52930 

52908 

52780 

52770 

52739 

52391 

523.32 

61990 

51981 

51783 

51757 

51742 

51693 

61467 

51411 

60274 

49617 

49615 

49304 

49070 

49063 

48901 

48982 

48840 

48777 

48770 

48645 

44198 

44091 

43878 

43874 

4.332.3 

4.3142 

431,39 


La 

m.m. 

()-(HH). 
53884 
5:1871 
53827 
5346 1 
52107 
51!)48 
51000 
48179 


{l^n, l)i) 
58707 
.58160 
58142 
58067 
58007 
57088 
57776 
55114 
5501)7 
54031 
54617 
531)1) 
53087 
61090 
51082 
51,307 
51010 
500H7 
60082 
50027 
49769 

49408 

40402 

40288 

49282 

49074 

48654 

48313 

47586 

475:13 

4 7506 
44.3.51 


T.i 

GU10 


.VI fr 
51900 
5170.3 
51742 


Nn 

m.Tu. 

59057 

58080 

Ni 

61057 
61178 
590 1 H 
58666 
54840 

518.38 

51757 

51605 

515.38 
51494 
51443 
51.0,30 

51076 

51071 

50HH7 

5()KH,3 

504.39 
,50065 

49009 

49H6H 
404 1 H 
40054 
40117 
4H70O 
48719 
48603 
48.3HH 
48370 

4795,1 

47661 

47246 

46580 

P<1 

57460 

6703H 

56789 

56524 

65561 

65499 

mm 

64007 

64000 

53683 

60609 

53202 

63030 

52682 

62414 


Vi\ 

m.m. 

UIHIH. 

50409 

.50149 

51712 

51707 

51100 

50707 

48KI4 

48296 

47974 

l*fe 

548,38 

ri:)097 

53080 

52:).36 

50678 

.50673 

488.57 

45067 

(flu. Ir) 


545H2 

530H2 

WB -H‘ f - I , 

Mr 

6417.3 

65431 

54899 

4.1119 

43116 

43113 

Zt» 

6,3734 

48186 

47323 

40*021 
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Thos(^ values of the. wave*-leii.i>;tlB arc, I trust, worthy of coufidcnce. They may be 
liable to errors of 20 or ])erlia])s 30 in tlu' last liguivs, but, I think, to no greater error. 

A very edahorato investigation of the valiums of Wavivhnigths of the Spectral Lirujs of 
the Hhnncuts has beem published by Dr, Woooott (Ubus, in the American Journal of 
Science and Arts, vol xlvii. 'rh(‘ basis upon which l)r. ('liims jn'occcKls is not the same 
as mine (for instance, in the ndative merit attached to ANffiSTitoM and DiTSciiKiKiiu) ; 
some measures by HuaeuwH and Van dkii WiiiUmoRN an^ employed, and sonu^ new Ihuis 
introduced; and the fundamental treatment is dilfcrent. The results, tlumrfore, ar(^ not 
identical with mine, lint, as far as I, have examiiHMl, th(‘ dilfenmces between Dr. (Iibbs’s 
numbers and my own m) small ; not gn^atcr, 1 think, tlian can b(^ explained by such 
errors as I have speciiicxl in the last paragraph. 

1 have not yet snocooded in iiriding any relation between the vjilues o]‘ wavodength 
for differenl, linos of tlu; sanu' (dement, which can s\igg(3st any mechanical (‘xplunation 
of th(dr origin. 
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VI 1. On the Normal Paraffin.fi. .% C. Sc’iroiiLKMMKK, F.ILS. 


Ivccoivod T)('«oml)ur 130, ,l.S71 Rond Fcbriuiry I, 1872. 


In the yoav l858 BKRTTiom’ proved that the compound COT., Cl, obtained by the action 
oC chloriiK^ upon niarMh"}>’a.s, was identical with nicithyl chloride, by convcrtiiij^ it into 
nuithyl alcohol and other m(‘tliyl compounds. Since that time tlu^ ixisearclies of PelouzI': 
and Cadouks, as well as my own, have shown that this nl(^thod is a general one, and 
that by means of it tlic corresponding alcohol may be prepared from any paraffin. 

On oxidizing some of the alcohols obtained by this method, acids were formed con- 
taining the same number of carbon atoms in the molecule as the alcohols themselves 
contained, Irom which it would appear that these alcohols were primary alcohols. 

and Cauouu?!, however, stated that the octyl alcohol which wes obtained 
irom octane contained in petroleum wjis identical with the so-called (japryl alcohol pr(‘- 
pared from castor-oil, and OnACMAN afterwards cairui to th(5 suim^ eoiwdusion. At that 
time it was believed tliat capryl sihudiol was a primary alcohol. Ilowcwcr, by th(! study 
of its oxidation products I found tins not to be the case, but that this ahiohol bt^longs 
to tlu^ group of secondary alcohols, being metliyl-luixyl carbinol*. It was tboredbre* 
necejssary to rcipeat the experiments of Ih'JtouzE and CJAiioiniH imd Oiiarman, atid to 
study carefully the oxidation prodticts of the alcohol from pc^tvohuim, which none ot‘ 
thesci clunnists had done. The result of my investigation w'as that this alcohol is a 
mixture of mothyl-h(5xyl carbinol with a primary octyl alcohol f. 

This obsex'vation made it highly probable that, by acting with chlorine upon the paraf- 
hns, primary and stjcondary chlorides arc formed at the same time ; and the more so, as I 
had formerly fbuiid an acetone amongst the oxidation products of theamy] alcolud from 
p<‘t,roleivm, tlx^ origin of which I was thou at a loss to explain As I have alnuuly 
stated in a proliiuluary iiohr, further ex})(*riments with hexane fully couliriued I, lie cor- 
r(‘ctn(:ws r)f my supposition. 

'flio nxisons wliy, in my foriuor j'csearches, I overlooked the secondary compounds are 
the following; — 

The mixture from wliicli the chlorides had to be isolated contained, besides largi^ 
(piantities of unattacked liydrocarbon, ahso liiglicr clilorLuated products. The diffbroiice 
between the boiliTig-i»oints of the two chlorides is about 10°, but by fai* the greatest 
portion distils within these limits at a ncjarly constant temperature; and as by fractional 
distillation the boiling-point becomes yet more constant, and the quantity of liquid dis- 
tilling at this te.m])firaturo incroascjs, I belicvcxl I hud obtained a pure compound, and 
considered the .smaller quantities of liciuids boiling a little above and below tin; coinstuiit 
* Proo, iioy. Soo, vol, xvi. i). :}7U. f Ibid. vgl. xviii. p. 2ii. i Ibitl. vol. xvi. p. R72. 
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point to consist of mixtures of the chloride with tlio paraffin, or witli In^lm (^hlorinal-i^d 
products. 

To convert the chlorides into the alcohols, they W(;rc first luiatod with potassiiun 
acetate; during this operation a large quantity of the s(^coii{hiry chIori(l(! splits up into 
iiydrochloric acid and an oMne, from which the awitic <!th(‘rs fhniuMl had again to he 
separated by fractional distillation. From the highest boiling fraction, whieffi of course 
consisted chiefly of the primary acetate, the alcohol was tlumprepanri; hut the (juantity 
obtained was so small, that the acid formed by oxidiriug it cotild not ho. isolat'd, aiid 
its existence was only proved by analyzing the silver salt, in tin* prepfiration of whi<;h 
the small quantity of the acetone romamed in aqueous solution and was thus ovtn'- 
looked. 

As soon as I had ascertained that by acting with chloriin^ upon the purunius a mix- 
ture of primary and secondary chlorides is formed, the prohhnn next to In* solv<'<l was 
under what conditions the one or the other is formed. 

In order to obtain decisive rcsAilts, it was first of all rocpiired to work with large (putii* 
titles of a hydrocarbon; and I clioso for my first (‘xporimeuts tin* hfnvi/l In/dmlo or 
hmne, from petroleum, a hydrocarbon wliieli can he obtained most eaHily 

in a sufficient quantity. The hexane was treated with chlorine xuider the folhuviug 
conditions : — 

(1) Dry chlorine was passed into tins well-(!Oolod hydrociubon in difriised daylight. 

(2) It was acted upon iu the cold by chlorine in prewauu* of iodine. 

(8) Chlorine was passed into the va])our of the hoiling hydrotjavhon. 

(4) Chlorine pu>:‘val init' \\\o Nu-pour in the prosemee of iodine. 

The result was that in all four cases, as first product, a mixture uf primary and 
secondary hexyl chlorides was formed. Furthm-, it was found tliat when eldoritK’ nets 
on the Ihpiid hydrocarbon, or when iodine is piaisent, always largi' (pianlities ol’ lugher 
chlorinated products are formed, but that by passing chloriiKi to tin; viipour, the fuj-uia- 
tlon of these bodies can he almost conqdetidy avoiihsl. lu inv(‘stigating the oiher 
])arafrms, to ho described further on, 1 always usijd tlu^ latter uu‘|.horl. 

The apparatus employed consist'd of a large flask, which, by nuMins of a e.oj-k, was i^on- 
ncctcd on one side witli the chloriiK) apparatus by a, tube reaelilng to tlu^ lower end of 
the neck, and on the other side with a reversed raiJmo’H cf>n<lenser, th»^ n])p('r end of 
which was further connected with absorption-) )ottles containing cuustie soda .solution, 
and in which the hydrocarbon which was carried away liy the enrreut of hydrochloric 
acid was condensed. On passing a modorat<dy strong cii.rr(!nt of dry chlorim; into tiie 
vapour of the gently boiling hydrocarbon, the colour of the olilorinc disapiiears instan- 
taneously, and the chloride formed is scon to flow back in oily streaks ou tlie sidii of the 
^ vessel* The operation was interrupted in the evening, the hydrocfirbon not acted upon 
distilled off,, and treated rtipeatcdly in the same way until a Bufflcieiit quantity of the 
chlorides had been formed. The latter were then heated with the required quantity of 
potassium acetate, and an equal volume of glacial acetic acid in sealed tubes to 190® to 



Mli.. 0, SCnOBLIilMMEK ON THE NOJIMAL PAEAPFINS. 


113 


200^* * * § lor two or three }ioiir«, by whicli they wcr(3 comphjtely decomposed, . On diluting 
the contents of the tubes with water, a light layer, a mixture of olefines and acetates, 
aei)arated out, from which, aft(U‘ drying, the acetates were isolated by fractional distilla- 
tion, and then decomposed by an alcoholic solution of caustic potash. The alcohols thus 
obtained wore repeatedly washed with small quantiticis of rvater and dried, first with 
fustjd potassium carbonate, and finally witli anbydrous baryta. 

Wliilst neither a mixture of the two chlorides nor of the acetic ethers can bo separated 
oven approximately into its constituents, it is, however, easy to obtain from the mixed 
alcohols two liquids, each liaving a nearly constant boiling-point. But althougli ap]ya- 
rently a defiuitt^ separation has thus boon eftecttHl, the bodies obtained in tliis manner 
are far from b(ung pure compounds. This might liavo Ixjon o.xpoct(ul a p7iori, ns tlic 
difference between the boiling-points of the two alcohols is only Jibout 10®. The pro- 
ducts of oxidation showed that the lower boiling li(j[uid consisted principally of tlu^ 
secondary alcoliol, biit still mixed with some of the primary ; whilst in the higher boiling 
liepud, besides a large (puintity of primary alcohol, also some secondary was contaiiujd. 

In order to oxidize the alcohols, I used, as in my former njscjarclies, a solution c.oii- 
sisting of two parts of potassium dichromato, three parts of sulphuric acid, and ten 
parts of water, which was added gradually to the alcohols until tin? brownish colour 
of the li(|uid indicat(Hl an excerss of cbromic acid, caro being taken at the same tinu3 to 
keep the liquids as cold os possible}. After stmidiug f()r some tinuj, and luiiug repeat- 
edly shak(m, the liquid was diluted with water and distilhjd, wlien the ucetoim foruK’d 
passed over with the first portion. The residue was again distilled with water, and this 
o])cration r(}peatod as long as the distillate exhibited an iuiid rca(Jtioii. 'Ch(», aqiKious 
distillates were neutralized with sodium carbonate, the acetone which dissolwid in thcnri 
separated by distillation, and the solution of (k(} sodium salts ('vapoi-iitcd to drync^ss. 
By adding dilute sulphuric acid to the residue', the acitl was hberated snid dried with 
phosphorus pentoxide. 

Normal Amyl Tlydrhh or Pentane^ ^ 

This hydroe.firhon is a mobil<} colotirless liquid, boiling at .37” to 39“, which I first 
discovered in the light oils from canmd t;a'*(’; it is also found in boghead tar, and in large 
quantities in Ihinnsyhania pctrohMim. According to PiCLOUZB and Oahouks, the amyl 
hydride from petroleum boils at 30'' J, whilst Wakuen has found that it contains two 
isonuii'idcs, C,-, H 22 J oiie boiling at 30®'2 and th<3 other at 37*' My last researches agree 
with AVAKiiUN’s statement, I have formerly stated tliat tlio amyl hydride from petro- 
leum boiled at 35° || ; hut this body, as well as the derivatives which I prepared from it, 
are, as I, have now found, only mixtures. Tluj petroleum which I used for this research 


* Hoii’MA.Njjir cuUh thin liydrociivlion quinfane and ita dorivativos quini/yl eont^omdn, I prefer the names 

jaentme md^^entyl, as corresponding with hoxyl and hoptyl, winch tonus are now in general uso. 

t Journ. Ohem. Boo. vol. xv. p. dll). J Ann, Chim, Phys. [4] vol, i. p. 6. 

§ Ohom. Nows, vol. xUi, p. *74:, from Mom. Amor. Academy. II Proc. Roy. Soc. vol. xv, p. 131. 

Ml)COOIXS:iI, Q 
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contained but small quantities of the hydrocarbon boiling at 30° ; by long-continued 
and carefully conducted fractional distillation I succeeded in obtaining about 800 cub. 
centims. of pure pentane, boiling constantly at 37° to 39°, the boiling-point of which was 
not altered by further distillations. 

The mixture of pentyl chloride obtained by the method described above boiled 
between 95° and 110°, the principal fraction distilling at 100° to 102°. On decomposing 
these chlorides with potassium acetate, a mixture of pentene boiling at 39° to 40°, and 
of the acetic ethers boiling at 136° to 145°, was formed. The latter were converted into 
the alcohols, which by fractional distillation could be separated into two portions, one 
boiling at 120° to 122°, and the other at 134° to 137°. The products of oxidation of 

C H 1 

the alcohols were found to consist of metliyl-p'opyl Icetone^ ^ and normal vale- 


nanio or fentylic add,. 

Methyl-propyl ketone is a colourless liquid boiling at 102° to 106°, having the 
same boiling-point as the ketone obtained by the distillation of a mixture of calcium 
acetate and butyrate, and that formed by oxidation of isoamylic alcohol. It combines 
with the bisulphites of the alkali-metals, and yields by further oxidation acetic and 
propionic acids. The aqueous distillate containing these acids was neutralized with 
sodium carbonate, the solution evaporated, and from the residue the acids liberated 
by successive distillations with insufSicient quantities of sulphuric acid in four fractions, 
from which, by boiling with silver carbonate, the silver salts were prepared, which were 
analyzed. 


Calculated for silver propionate 69*67 per cent 

First fraction, small, white needles, 0*336 gave 0*199 Ag=59‘6 per cent. 
Second fraction was lost. 

Third fraction, indistinct needles, 0*481 gave 0*307 Ag= 63*69 per cent. 

Fourth fraction, shining flat needles, 0*2095 gave 0T35 Ag=64'5 per cent 
Calculated for silver acetate 64*67 per cent. 


The acid derived from the primary pentyl alcohol contained small quantities of acetic 
and propionic acids, which were easily removed by distilhition. The pure acid boils at 
184° to 187°, and smells very much like common butyric acid; these are the properties 
of normal valerianic acid or, as it might conveniently be called, jyentylic acid. 

The following salts were prepared and analyzed : — 

Silver ^entylate, C5 Og Ag, is a white precipitate, which crystallizes from a boiling 
solution in woolly needles. 

0*834 dried at 100° gave 0*4304 Ag. 

Calculated for 0, Hg 0, Found, 

61*67 per cent. 51*6 per cent. 

BMu/in ^mtylate, (O5 Hjj 02)2 Ba -j- 1 J Hg O, obtained by neutralizing the aqueous 

* Ann. Chem. Pharm. vol. clix. p. 68. 
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solution of the acid with barium carbonate, crystallizes from a hot concentrated solution 
in pearly scales. 

0'6967 lost, on drying at 180®, 0*040 of water, or 6*7 i)er cent, the formula requiring 
7*4 per cent Tig 0. 

On igniting the dry residue, 0*3265 BaCO^ were left behind, corresponding to 40*8 Ba, 
the calculated quantity being 40*4 i)er cent 

The salt obtained by spontaneous evapomtion of the solution is, according to Lieben 
and Ilossi, anhydrous. I have therefore, after the publication of Lieben’s and Rossi’s 
complete paper on normal valerianic acid, prepared this salt again; by spontaneous 
evaporation it was obtained in small plates and needles, which, after behig dried in the 
air at the common temperature, lost at 180®, 2*6 per cent, of water, corresponding to 
i Ha O. 

0*316 of the salt, dried at 180®, gave 0*1832 BaCO^, corresponding to 40*3 per 
cent. Ba. 

Lieben and Ilossi prepared their salt in the dry climate of Turin, whilst I worked in 
the damp aii* of Manchester, which may account for the differences. 

Calcvmii (C5H(,02)2Ca + IJ IlgO, obtained by neutralizing the acid with 

milk of lime, crystallizes on spontaneous evaporation in shining leaflets. 

0*2968 lost, at 180®, 0*0293 H^O, or 0*9 per cent., the amount required for the above 
formula being 10 per cent. 

The dry residue left on ignition 0*111 Ca 00^, corresponding to 16*7 per cent. Ca, 
the calculated percentage being 16*6. 

Lieben’s salt contained only 1 vol. of water ; but all other properties of those salts, 
which Lieben has described so very minutely, agree perfectly. From the cold saturated 
solution shining laminae separate on heating, the greater portion of which dissolve again 
on cooling; on the other hand, a solution saturated at 100® gives on cooling to 70® a 
crystalline precipitate, which on further cooling nearly comphitiOy redissolvcis. X have 
repeal'd these cxperiiuouts several times, following exactly Likuk-n’s instructions, and 
with (exactly l;hf^ same results. 

Besides pemtylic acid and methyl-propyl ketone, I also obtained a small quantity of a 
high boiling liquid, having a pleasant siiudl like apples, which principally consisted of 
pentyl pcntylate, as on decoinposing it with caustic potash, pentyl alcohol, boiling at 
134® to 137®, and pentylic acid wei'e formed. 

As there can be no doubt that Lieben and Rossi’s normal valerianic acid has the fol- 
lowing constitution, 

OH. 

I 

/Stt 

CH, 
cHa: 
io . OH, 

Q 2 
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it follows that the carbon atoms are grouped together in the same way in the pentane, 
which, therefore, belongs to that group of the paraffins wliich I have called “ normal 
paraffins ; ” and the constitution of it and those of the alcohols derived from it are ex- 
pressed by the following formulae : — 


OB, 






1 ‘ 

CH^ 


^rCj 

^ 8 
r-H 

i 

6H2 

1 

-'I 

0 


Ph 


L^H3 





The primary pentyl alcohol from pentane is identical with Liebbe and Eossi’s normal 
amyl alcohol ; and the secondary alcohol is methyl-propyl carbinol, a compound obtained 
by Fbiedel by the action of nascent hydrogen on methyl-propyl carbinol. The isoamyl 
alcohol obtained by WuETZ from isoamylene or ethyl allyl, appears to have the same con- 
stitution. 


Normal Eessyl Eydride^ or Eeosane, Cg ITj^. 


This hydrocarbon was discovered by Pelouze and Oaiioues in American petroleum. 
It is also found in canuel and boghead tar, and other coal tars. According to Waeehn, 
petroleum contains, besides the hexane boiling at 08°, an isomeric liydrocarbon, ^v]noh 
boils at 61°*3*. In the petroleum ■which I used this latter body w'as not presout, the 
fractions between 40° and 08" being quite insignilicant, and diminisliing on each furtlier 


distillation. 

The monochlorides obtained from hexane boil between 120® and 130°, by far the 
largest portion distilling nearly constantly at 125® to 126®, as Pelouzjs and Cauouiis 
have already observed. On acting upon them with potassium acetate, hexene boiling 
at 69° to 70° is obtained, and a mixture of the two hexyl acetates, which boil at 158° to 
170°, and not, as Pblouzb and Cahoues state, at 145°. The alcohols obtained from 
the acetic ethers were readily separated by factional distillation into two portions, one 
boiling at 140° to 141®, and the other between 150° and 155°. As I have already stated, 
this separation of the alcohols is only very incomplete. 1 tried to obtain the pure 
alcohols by preparing the iodides and transforming those again in the alcohols. The 
iodide obtained from the portion boiling at 140° gave an iodide, the chief portion of which 
boiled, after fractional distillation, at 104° to 169°. On heating it with potassium acetate 
and glacial acetic acid to 100°, nearly half of it was decomposed into hexene and 
hydiiodic acid, whilst the remaining portion was converted into an acetate boiling at 
155® to 159°, from which the alcohol was regenerated, but could not be further examined, 
as it was lost. 


* Chem. News, vol. xiii, p, 74, from Memoirs Amer. Academy. 
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The iodide prepared from the alcohol boiling at 150° to 155° was subjected to frac- 
tional distillation; the largest portion of it boih'.d constantly at 170° to 171°. On 
decomposing it with potassium acetates, -J- was converted mto hexene and I into hexyl 
acetate, which boiled at 100° to 104°. llic alcohol prepared from this acetate boiled 
now at 149° to 152°, and yielded on oxidation caproic acid, besides a not inconsiderable 
quantity of motbyl-butyl ketone, from which it follows that it was still a mixture of 
primary and secondary hexyl alcohol. 

The diftercnce between the boiling-pouita of the primary and secondary iodide is too 
small to effect in this way a separation of the alcohols. 

0 IT 1 

Methjl-hutyl Icofme^ . •*> CO, was obtained, as well as caproic acid, by oxidizing the 

mixture of the two hexyl alcohols, as described above. It is a colourless liquid with 
a pleasant smell, and boiling at 12()° to 128°, which fhrms crystalline compounds 
with the bisulphitt^s of the alkaline nuitals. It exhibits, therefore, all the properties 
of the acetone which EiiLiwjriflyMii and WANKnyif obtained by oxidizing methyl-butyl 
carbiuol on the secondary hc^xyl alcohol obtained from maunito. On further oxidation 
it yields, like the latter compound, acetic and butyric acids, which were converted into 
the silver salts. 

Calculated for silver butyrate 55*88 per cent. 


Tst fri 

action, c.rystMllim' crusts, 

o-ro3 

ffavo 0-(t4 

Ag--55*6() 

per cent. 

2nd 

„ small needles, 

0-2708 

0-153 

> 

11 

per cent. 

Ord 

„ small needles, 

0-;!095 

„ 0-2SS5 Afj=--fl3-18 

per cent. 

4 th 

„ shining, flat needles, 

0-06C 

„ 0-040 

A g-- 04*85 

per (jont. 


Calculated for silver acetate 


04*07 per cent. 


In order to throw light on the constitution of hexane, it was necessary to investigate 
closely the butyric acid obbiined from it. To isolate this acid, the aqiieouK dlsiilhiU's 
obtained in tlie o\i<la.tion of tlnj ac(d;()nc were repeatedly di.stillcd, wlien the butyric acid 
canu'. over with tlu^ llrst portions, whilst tli.o grcatc'st part of the acetic acid wa-S left 
hehiiul. ^I'lie jKpu^ous solution id’ th(3 Inityrui aeid tlius obtained was neutralized with 
milk of lime aiid evaporated on the Avater-bath. 'J'lie butyrate .se])arated as a crystalline 
scum on the surface, which was not wetted by water. Tlio c(dd saturated solution oi 
tin’s salt, contained in a sealed tube, was heated to 7()'--S0°, whcin shining lamiruc sepa- 
rated, which, on cooling,. slowly but completely rcdissolved. This experiment was more 
than ton times repeated, always with the same 3'esults. The calcium salt possesses there- 
fore all the characteristic properties of normal calcium butyrate. 

The primary alcohol from hexane yielded as th<j product of its oxidation caproic acid, 
boiling at 200° to 205°, The silver salt is a white precipitate, which from a hot solution 
crystallizes in small needles. 

(1) 0*5029 of this salt gave 0*2444 Ag. 
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(2) On evaporating the mother-liquor a second crop was obtained, O'lCG of which 
gave 0-0800 Ag. 

Foimd. 



Calctilated for 0^ Oj^ Ag. I. II. 

48-43 per cent. Ag 48-59 48-19 

The calcium salt crystallizes from a hot concentrated solution in shining scales ; by 
spontaneous evaporation it is obtained in ramified needles, 

The most characteristic salt of this acid is the barium salt, which could not be obtained 
in the crystalline state, but which on evaporating an aqueous or alcoholic solution at a 
higher or at the common temperature, is always obtained as an amorphous, gum-like 
mass. 

As the caproic acids of different origin have been so far very little studied, I have not 
investigated the salts of my acid more fully. 

The oxidation products of the secondary hexyl alcohol or methyl-butyl carhinol, viz, 
acetic add and normal lutyric acid, are quite sufficient to prove that the hexane in petro- 
leum is a normal paraffin, the constitution of which is expressed by the formula 

CH3---CPl2-~CH2— 


Hexane f rom Mmmite, 

Eelenmeyer and Wanklvn obtained this hydrocarbon by heating the secondary hexyl 
iodide obtained from mannite with zinc and water. I found it more convenient to act 
on the iodide with zinc and hydrochloric acid in the cold. To prepare it, a fiask is filled 
with finely granulated zinc, the iodide is added, and then so much dilute hydrochloric 
acid that the zinc is not completely covered. The vessel must be immersed in cold 
water, or else a very violent reaction sets in. After a few hours the heavy iodide has 
disappeared and a light layer swims on the top, which, when subjected to distillation, 
was found to consist of a liquid boiling at about 70°, besides a smaller quantity of a body 
boiling at above 190°. 

The liquid boiling at 70° had the odour of hexene, and the reaction with bromine 
showed that this body was present. In order to remove it, bromine was added drop by 
drop to the well-cooled liquid as long as its colour disappeared, and then hexane and 
hexene dibromide separated by fractional distillation. 

The hexane from mannite, after being purified by treatment with nitric and sulphuric 
acids and rectification over sodium, is a mobile liquid, having the faint hut characteristic 
odour of the parafidns. It boils constantly at 71°-6, and has at 17° the specific gravity 
0-a,630. 

By acting with chlorine on its vapour a product is obtained, the greater portion of 
wMc^, boils at 126° to 128°-6, and a smaller at 128°*6 to 130°. Besides these, higher 
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chlorinated products had been formed, but only in a small quantity. From the liquid 
boiling between 12G° and ISO®, the alcohols were prepared and separated by fractional 
distillation into two portions ; one, being about § of the whole, boiled constantly at 
140° to 141° ; between 141° and 160° only a small quantity distilled, the remainder coming 
over between 160° and 163°. The products of oxidation were tlie same as those from the 
petroleum hexane, viz. ^mthyl-hutyl ketone and cajmic add. 

The methyl-butyl ketone boiled constantly at 127°, and appears to be identical with 
that which Eelenmeyer and Wakklyn obtained from the secondary hexyl alcohol ; on 
further oxidation it yields aoetic acid and normal huff no acid^ the presence of the latter 
being proved by the chamcteristic properties of the calcium salt. 

The analyses of the silver salts, which were obtained as described above, gave the fol- 
lowing results : — 


Calculated for silver butyrate . . . . 56*38 per cent. 
1st fraction, 0*376 gave 0*1976 Ag=65*36 per cent. 

2nd „ 0*1241 ,, 0*0686 Ag=:66‘19 per cent. 

3rd „ 0*1366 „ 0*079 Ag=57*88 per cent. 

4th „ 0*188 „ 0*118 Ag=: 04*48 per cent. 

Calculated for silver acetate .... 04* (5 7 per cent. 


The c}i])r()ic aend, of which I obtained only a small quantity, laid the same odour as 
that from petroleum, and the siunc boiling-point, viz. 201° to 204°, 

0*1660 of Hilv(n* caproa-ti^, which formed .small needles, gave 0*0S()3 Ag”48*6 per cent., 
the ejdcidat(‘d quantity being 4<S'4 ;j per cent 

The calcium salt had the same properties as that from petroleum ; the barium salt, 
however, was not amorphous, but crystallized most readily in plates or broad needles. 

On decomposing the monochlorides with potassium acetate about equal quantities of 
the acetic ethers and hexene were formed, and by oxidizing the mixture of the two 
alcohols the quantity of acetone was double that of the caproic acid. Now, as the 
hexene was no doubt d(u-ivc’.d from the ,sec(mdary chloride, it appears that by the action 
of chlorine upon the hydrocarbon i is converted into thcj primary (ihloridc, and f into 
the secondary one. 

The hexam^ of manuito and some of the derivatives boil a few degrees higher than 
the corresponding comi)oiinds from petroleum, and also the barium salts of the two 
caproic acids exhibit a decided difference. The hexane from petroleum is certainly not 
a pure compound ; but whether this is the cause of the difference between the two hydro- 
carbons, or whether we have here a case of fine isomerism, for which an explanation has 
to be found, it is at present impossible to decide ; the formation of acetic and normal 
butyric acids, however, proves that the hexane from mannite is also a normal hydro- 
carbon. 

The products formed by acting with zinc and hydrochloric acid on hexyl iodide consist 
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of hexane, besides smaller quantities of hexene and a higher boiling liquid. The lattcn* 
compound is a CigHg^; it boils at 201°, and has atl7°thc specific ,nr:i.viiy <i-77;'tS. 

It has the same boiling-point as the dihexyl obtained by the electrolysis of ccnanthylic 
acid, which, as I shall show further on, is also a normal hydrocarbon. Whether these 
two hydrocarbons are identical or not has to be yet decided. The dihexyl from mannite 
might possibly have the following constitution : — 


C.H 


0 H J 


Hch- 


-CH 




04 HS 

CH.. 


By acting with zinc and hydrochloric acid upon hexyl iodide the following is the 
principal reaction 

C6Hi3l+H2=CeHi,+I-n. 

But besides that also the following decompomtions occur : — 


2Ce H ,3 I+Zn=:C6 Uu+O, H,,+Zn I,. 
2C6 Hi 3 I+Zn=;Ci2 Hao+Zn Ig. 


informal Dipropyl, Og Hi.t. 

To obtain this compound, allyl alcohol was first proparcHl from glycerine by '’.roiiLKN'H 
method* and converted into propyl alcoholf, from which propyl iodide was obtained, 
boiling at 100° to 102°. On adding anhydrous other and sodium to this iodide no 
reaction took place, either at the ordinary temperature or at tlio bt)iling-poiut of th<^ 
mixture. To effect a complete decomposition, the substances had to be heated together 
in closed tubes to i40°--150°. 

Pure dipropyl boiJs at 69° to 71°, and has at 17° the specific gravity 0’6630, It has, 
therefore, the same physical properties as the liexane from mannite, and from its for- 
mation it follows that it has also the same constitution. The quantity obtained was 
not sufficient to examine its derivatives. 


JS^ormal Eeptyl Hydride, or Heptarie, Cj IIjq. 

This hydrocarbon was first discovered by me in the light oils from cannol coal-tar:|:, 
and afterwards I found it in large quantities in the petroleum from I’ennsylvanisiJ. 
Warben has since shown that, besides this body, petroleum also contains an isomeric 
heptane, which boils at 90°'4|| ; and my later researches have led mo to the same con- 
clusion^. This lower-boiling heptane is always present, but in smaller quantities than 
the normal hydrocarbon. As the boiling-points of the two isomerides differ only by 10°, 
their complete separation is a very difficult and tedious process. By a very carefully 

* AaiA. Oiem. Bharin. vol. clvi. p. 104. f ibid. yol. cHx. p. 92. 

, ? CIIie^..Soo. JoTirn. vol. xv. p. 419. § Cbom. Soe. Jouni. [2] vol, i. p. 210. ‘ 

. j| .OilieiQ. Hews, vol, xiii. p. 74, fiom Mem. Amor. Academy. ^ Proc, Hoy. Soc. vol. xiv. p. 408, 
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conducted fractional distillation I succeeded in obtaining about one litre of normal 
heptane, 600 cub. centims. of which distilled at 97°*6 to 98®, and the vcmahider at OS'" 
to 99°. According to Pelouzk and Oaiiours, the heptyl hydride from petroleum boils 
at 92° to 94° ; but this body was a mixture of the two isomerides. 

The heptyl chlorides boil at 145° to 160°, the principal fraction distilling, as I have 
formerly stated, at about 150°. The acetates which boil between 175° and 185° yielded, 
by acting on them with caustic potash, the two alcohols. The secondary heptyl alcohol 
boils at 160° to 102 °, and the primary one at 170° to 175°. The former yields on oxi» 


C IL ) 

dation methyl-pentyl Icetone, !■ CO, and the latter mrianthylic add, Cy II 14 0 . 

Ur, Jill) 

Methyl-fentyl ketone has a pleasant smell, like all these acetones ; it boils at 150° to 
152°, and combines with the bisulphites of the alkaline metals. By oxidizing it with 
chromic acid, acetic acid and pentylic acid arc formed. The latter was isolated by 
repeated distillation of the aqueous solution of the two acids, the pentylic acid always 
coming over with the first portions, whilst the acetic acid is left in the residues, from 
which, by boiling them with silver carbonate, silver acetate was obtained, crystallizing 
in shining flat needles. 

0*685 of silver acetate left on ignition 0*378 Ag= 04*02 per cent. 

The distillate containing the pentylic acid was neutralized with sodium carbonah’, the 
solution cvaporat(.id, and the residue dec*.ompost‘d by sulphuric acid, The acid, after 
l)(‘ing dried with phosphorus pentoxido and freed by distillation from a little acetic 
acid, boiled at 183° to 187°, and smelt exactly like that obtained from pentane. The 
calcium salt separates as a crystalline precipitate on heating the cold saturated solu- 
tion to about 70°, as well as on cooling down the boiling satunitcd solution to that 
temperature. The barium salt crystallized from the hot .saturated solution in shining 
plates. 

0*338 of this salt lost, at 180°, 0*0230 II.> 0. 

* ^ *1 


(Jalcul.'itod lor (CjII, 

7*4 per cent. 


Eound, 

6*8 per cent. 


The dry residue left on ignition 0*1835 Ba CO 3 . 

Caloulalod. Found, 

40*4 per cent. Ba 40*2 per cent. 

The oonanthylic acid was found to be identical with that obtained from castor-oil. 
That from heptane boiled at 219° to 222°, and the acid prepared from castor-oil at 219° 
to 221°. On treating equal quantities, of the two acids with water and barium carbonate, 
and evaporating the two solutions to exactly the same volume, thin iridescent plates 
appeared on cooling, which grew into large plates and broad needles ; both salts are 
anhydrous. 

MDCCCTJfXII. ' B 
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( 1 ) 0-467 of the salt &om heptane lost, at 180°, 0-003 Hjj 0 ; the residue loft on 
ignition 0-232 BaCOj. 

( 2 ) 0-615- of the salt from castor-oil lost, at 180°, 0-003 0, and the residue gave 

Found. 

Calculated for (C.yHi 3 0y)2Ba, I. II- 

Zi-iB per cent Ba 34-5 per cent. 34*6 per cent. 

The mother-liquor of the barium salt from heptane gave with silver nitrate a white 
precipitate, which crystallized from boiling water in indistinct needles, 

0*387 of this salt gave 0*178 Ag=46*0 per cent 

Calculated for C 7 Hi 3 02Ag=46*6 per cent 

As the secondary heptyl alcohol yields on oxidation aoetiG acid mijoentijlic, or normal 
valerianic acid, it follows that the heptane is a normal hydrocarbon, having the consti- 
tution 

CH3~CH2-CH2-CH2^CH2*~*CH2~CH3. 

(Enanthylic acid is consequently a normal acid, and dihexyl, which Biuziiini and 
Goslbth obtained by the electrolysis of potassium mnanthylato, is therefore a normal 
hydrocarbon, to which I give the name dodeceme^ Cjg H 26 . 

normal JMuiyl or Octane^ CgHig. 

ISTormal butyl iodide, prepared by Liebin’s method from butyric acid, and boiling 
at 128° to 130°, is easily acted upon by sodium in the cold. After a sufiicient quantity 
had been gradually added, the mixture was heated for some hours, and then th(j hydro- 
carbon distilled off and purified by the well-known inetliods. 

Dibutyl boils at 123° to 125°, and has at 17° the specific gravity 0*7032. These are 
exactly the properties of the octane which I have obtained from methyl-bcxyl carbinol* 
and from sebacic acidf, and of that which Zincjee prepared from his primary octyl 
alcoholj. As the properties of these hydrocarbons of different origin agree so very 
closely, it appears almost certain that they are identical. If so, the dioctyl, Cj^ H 34 , 
which ZiNCKE obtained as a by-product in preparing octane is also a normal paraffin, 
which I call Jiecdecane. 

We are now acquainted with the following normal paraffins or homologues of marsh- 
gas, in which the carbon atoms are linked together in a single chain 

• Proc. Eoy. Soe. vol. xvi. p. 376. f Ibid, 

t Ann. Ohem. Pharm. vol. clii. p. 1. § Oomp, Proc. Eoy. Soo. vol, six, p. 486. 
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Methane 

Ethane 

Propane 

Butane 

Pentane 

ITcxane 

Heptane 

Octane 


C H 4 
GA 
CA 
GA, 

CJIh 

CrH,„ 

C8H„ 

(\2 H^o Dodccane 
(/ 1 I 5 Hecdecane 


iioiling-points. 
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In calculating the boiling-points, it was assumed, as appears to be tlie (jaso, that 
diflerence decreases regularly by 4 until it reachc^s the well-known diftbrtmcc 10®. 
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VIII. The M'^ology of the Chdrojgtera, By Alisxander Macalisteb, A.B.^ MB. Buhl, 
Professor of Zoology in the University of l)Min. Commumeated hy I)r. Shaepet, 
See. B,iS. 

Eocoivod October 19, 1871, — Eoad Jiuniary 11, 1872. , 


The aberrant forms and remarkable habits of the animals composing this order, so 
divergent from the general mammalian type, render the study of their myology a sub- 
ject of the deepest anatomical interest ; and yet it is singular how little attention has 
hitherto been directed to its investigation. Thus in the article “ Cheiroptera” in the 
‘ Oyclopoedia of Anatomy and Physiology,’ the muscular system is passed over unnoticed ; 
and in another standard work, Professor Owen’s ‘ Comparative Anatomy of Vertebrates,’ 
the only fact noticed regarding the muscles of the Bats is thoir deep red colour (vol. iii. 
p. 1). No extensive series of observations has hitherto been made on this subject ; a 
few species only have been dissected with care, and tlu'so dissections havc^ not even been 
compared with each other. CuviEii, Mi'JCKEL, KobENATr., Humpiiey, and Aeuy arc among 
the only authors who have iJublivShcKl records of thoir rciscarchcs, and not move than four 
or five species have been made the subjcjcts of (l(‘Rcri])tion, 

On examining some of tho store jars in tlio Musemm of the Dublin University, I found 
some specimens of Bats which proved on examination to bo nuvtjry good dissectahle 
condition. During the past summer I made a very careful aeries of dissections of tlujae, 
and have from them compiled the present Monograph. ’J'he numb(n’ of perfectly now 
and remarkable facts which have, in the course of my examinations, boon observed and 
recorded, will, I think, fully justify me? in publishing a detailed account of my dissec- 
tions. 

The small ske of some of these animals rendered tho dissection a matter of difficulty, 
as in many cases T was obliged to use a sim]>h? di.sseetuig-microscjopc. Dor tho same 
reason I was not able to use tlui bnlimco with any degree of cf)mrori, as a uK'ans of com- 
paring the relative devolopmoiit of musedos in different species; I was, iadtjed, compelled 
to give up the use of this aid to iiivestigutioii, as, from tho smtill sizes and the necessary 
difficulty in i-aising entire muscles witJx th(Ml.cg):oo of absolute perfection requisite in the 
comparison of such small weights as grains or fractions of grains, tho work became 
almost hopelessly tedious ; and thus 1 have v(>ry little additional light to throw upon this 
interesting subject, whose study has been begun by Professor Afinv in Basel and Pro- 
fessor Hahghton in Dublin. 

The species referred to in this i^aper are tho following : — of tlio Ptcropida?, Pkrog)iis 
edulis, medius, and Edwardsii, Macroglossus minimus, Eleutherura marginata, Cejphalotes 
Pallasii, Cynonycteris amjgleodcaudatus ; of the Ehiuolophidse, Bimolophus ferrumr 
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egumum, diadeim, and sjpeoris, Megaderma lyra; of the Phyllostomidce, ArUheu,^ 
censis Vamjoyro_ps rnttatus) of the Vespertilionidas, YesperUlio murinus, Veqwrugo 
pijpistrelluSi ScotqpJdlus liesperus^ WoetthUna altivolans, Plecotiis aurttm^ Synoim harhaS'^ 
tellus. These nineteen species will he seen to represent fully the variety of forms 
included in the order. For purposes of comparison I have also dissected Ptercmiys volans 
and Galeopitliecus. 

As might be expected, a strong family likeness pervades the entire series ; the differ- 
ences are chiefly slight, though often suggestive, varieties of detail. 


These do not form in any species a continuous sheet or panniculus, but consist of sepa- 
rated bands or slips in several regions, the principal of which are the following : — 

1. . Platysma myoides superior (Plate XIII, fig. 4, b), which arises from the ramus of 
the mandible, from the integument over it, and from the angle of the mouth, usually con- 
tinuous with the depressor anguli oris ; passing backwards and downwards it is inserted 
into the anterior margin of the occipito-pollicalis (to be afterwards described), to which, 
however, it lies superficial. This muscle is large and strong in MeMthenira^ Jfacro- 
glossiis, and Pteropus^ weaker in CephalofM and the I?hyllostomi(]a3 ; lies distinctly 
superficial to the occipito-pollicalis in the last named ; and in the species of YoHiiertilio^ 
Yesp&rugo, and SGOtopUkm it scarcely scorns to be connected to it : it is very ftujhlo in 
Plecotus and Megaderma. This muscle is the representative of tlio ordinary platysma of 
Man and the Chimpanzee ; it is figured as the cervico-fascien by CuviKii and Iauhiltaiu) 
in Pteropus^ and is described as the first part of the platysma by Professor IIUMi’iuiY 
(Journal of Anatomy and Physiology, voL iii. p. 200, 1800). 

2. Platysma myoides medius (Plate Xlll. fig. d, c) is a buiul of very vari-ablc strength, 
w(?ll marked in Cej)Jialotes,Pteropu!i,tin(i.]i!leutlierura, feeldeiii Mavroglosma, and absc^nt 
in Yampyrops and Jrtileus; it arises from the middle line of tlieimckfbr its lower hiilf, 
in front, passes outwards and baclcwards over the sterno-clcido-mnstoid to bo inscM-lcd 
with the last. In the Pteropidte it is not coimccted to the last described except at its 


insertion, but in Plecotus they form a continuous very feeble slioet ; and tlio .same is the 
c[isc in the Rhinolophidac, in wliich it is extremely tliiii. In Oephaloies and Plant her uru 
the muscles of both sides are continuous in the middle lino, and form a strong, thick, 
red mesial band passing from shoulder to shoulder above the clavicles. This is the 
third part of the platysma of Professor Humphry (loe. eit.). 

3. Platysma myoides inferior (Plate XIII. fig. 4, d) arises from the integument over the 
middle of the sternum, passes upwards and outwards to be inserted in common with tlic 
upper and middle platysmata. In Pteropr^ it arises opposite the lower pai’t of the 
sternum ; in Gephalotes it is narrower and arises higher up. In this genus its fibres are 
apt so oblique as those of the pectoral, and in their course tlicy strongly remind one of 
tbp; xept'piS sternalis in, some of its forms, thus offering some shadow at least of evidence 
in favour of the theory put forward and supported by Wilde, Hallet, and Tur.vhe, that 
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this muscle is of the nature of platysma. I have not been able, in any species of the Vcs- 
pertilionid'cfi, to demonstrate any connexion between this muscle and the occipito-pollicalis; 
in these it seems to end in the integument of the top of the shoulder ; it is very narrow 
in Yampjro])s mttatus^ and is similar in its arrangement in ArUheiis. In all cases its 
origin was purely cutaneous, and in none had it any connexion with the sternal carina, 
as was found in JPteroirm JSdwardmhy Professor Humphry (1. o. p. 290), 

4. In Cephalotes Pallasii a thin nuchal band of platysma existed (Plate XV. fig. 2, /), 
passing from the mesial lino of the lower part of the back of the neck to join the occi- 
pito-pollicalis. ' I have not detected a similar band in any other species except in Pte- 
ropi(>s edulis, in which it was very largo and extended up to the occiput, covering, but 
quite separate from, the occipito-pollicalis. 

5. Dorsi patagialis (Plate XlII. fig. 1, h ). — ^This name I would suggest for a part of the 

panniculus which I have found in all the species as a fine triangular muscle arising from 
the integument in the mesial line of the back opposite the lowest dorsal and uppermost 
lumbar vertebrae, and passing upwards and outwards to the axilla, where it ^vas inserted 
into the skin of the x>l‘«^^ijif>I>sdagiiim*; it lay superficial to the latissimus dorsi, from 
which it is separated by the superficial dorsal fascia. In ArUbem and Vmnpyrops this 
is strong and red,- it is also large in and tlie Pipistrcdlo, in theforiner of whhdi 

a slip of it rises to the coracoid process, into the internal edge of which it is inserted. 
In Pf;m)pUft it is tisjxic.iany large, x)articularly in PA edulh. In Me<jadmna Ifm a slip 
of it runs into the lower margin of the teres major, and another was inserted into the 
liumerus at its upper point of tristiction. In Mcniharum tliis muscle (.coexists with a 
separate coraco-outaneous muscle, and is inserted into the skin o# the axilla. Neither 
Humphry nor Cuvier make any refcronco to this muscle ; the former merely memtious in 
general terms the existence of a few fibres in this locality, 

C. Coraco-cutaneus (Humphry) I found ns a separate muscle in .Blenthamm, arising 
from the coracoid xn-ocess internal and anterior to the coraco-brachialis, from which it 
is sejiariiied by tb('- bnichial ])lexns; crossing the; axillary arl’.cry this jnusclc! is inserted 
into tlio skin of i:'.;!!;:. Iv ^uHidina (ilfdoolmiii a. slip of tliis mnseb^ exists as an 
offshoot from the (i:»i i i-. as ahove (hiscribed, crossing the Imicliial p!(*xiis. In 

.PtoropiM Edwardh^il and HK’diaa, as doscrilx'd by j.h-olessur Hi:.mi’Iiky, it is distinct and 
extends in the x>lagiopatagium to the lower margin of that Cold. Se-veral fibres run 
parallel to this baud which have no bony attacliiiumt. Of the sjune nature as tJic corario- 
cutaneous is the humoro-cutancous muscle whiclj exists in Tf'oatullm, arising from tlic 
inner border of the humerus three lines above the elbow-joint, passing clownwai’ds to be 


* To avoid poriphraais, I will use the nmnos rooommcjidnd hy KoT-TiXA'i'i for tho diilbroiit pai'ts of tho wing- 
mombranos : — frojiatagi-wm being the part in fi’o-nt of the dhow ; pla'jiojiaitujiu'nx that from the exLonsor aBpect of 
the fore Hmb to the hinder limb and extending to the Utile finger ; urQjgatctijiarii that between tho liindcr limbs, 
indtiding the toil; q)lfHenuc the nicmbr{i.n.o attached to tho simx ijluclglopalugium Irevia the wob between llic 
thumb-root and the iink's, d. tnlnus between index and middlo, d. longm between nuddlo and ring, d, Uil-us 
between ring and little fingers. 
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lost in the plagiopatagium ; it is a very slender muscle-bundle in this animal, and can- 
not be traced for more than half an inch ; it overlies the pronator teres. In Oephctlotes 


this also exists, and it makes a conspicuous ridge, 


as may be seen in ST.-HiLAiRifi’s hgxiro 


of this species (Annales du Museum d’Histoire Naturelle, tom. xv. pi. 7). I was not able 


to make out accurately in this species whether any fibres came from the biceps or no, as 
Professor Humphry has so well described in Ptero^m ; certainly the largest part of its 


fibres arise from the humerus. 


7. Cutaneo-pubic (Humphry) I could only separate in the larger species as an expan- 
sion of fine muscular fibres from the neighbourhood of tho pubes ; these ascended and 
passed backwards in a narrow stream, which ended over the great pectoral at its shoulder 
end by being attached to the skin. I could only find it in the Phyllostomino and I’tero- 
pine Bats and in the Noctule. I could not trace it to a bony attachment, but Professor 
Humphry has traced it to the fore part of the pelvis. Tho same anatomist trac-ed in 
Pteropus one fascicle of the muscle to the lower margin of tho plagiopatagium. 

8. Pemoro-cutaneus (Humphry) was only found in the Ptoropiy Marnglommy and 
ArtiheuSy arising from the tibial side of the thigh (in my specimen not so low down or 
so purely from the bone as Professor Humphry describes it to liav(^ be(«i in his Pt. 
mardsii) ; passing in a radiating manner upwards and inwards, it is insertcHl into the inte- 
gument of the middle line of the back, over tho gluteal muscles, and as high as the 
middle of the lumbar region. 

9. Ischio-cutaneus (Plate XIII. fig. 1, c), thin and hand-lik(^, I found In PJrKihcrnru 
marginata passing in the uropatagium from the ischium to the integument over the 
calcancum and dorsum of tho foot. Professor TTumpiiry found tho same in tln^ Pt. Pd- 


Kardsii. It is possible that this may he the reprcstmtutiv(^ of tho biceps flexor cruris 
diminished to a rudiment. I did not find it in any otlion spc^cics. 

Other cutaneous fibres here and there were found in the patagial membranes of other 
species. Professor ICoTjRNati has found in some species one of tlicso fascicles between tlie 
pectoralis major and the serratus maguus, and inserted into the plagiopatagium; tliis 
he calls the corrugator plagiopatagii (Flugliautruiizlor). In tlie Myotua murinm ho 
figures this (Allgemeinc dutsclie naturhi.stoviachc Zcitimg, iii. Baud, Isto Heft, )>. K), 
Taf. HI, a*). I have not, however, been able to make out, in any specitis (ixcopt AVc- 
tulina altivolauSy any muscular baud of sufficient size to merit a distijict name in this 
position. Single bands of fibres do run in this and otliei* directions iji the membrane, 
but they arc not worthy of distinct names. 


10. At the close of the muscles of this group we may place one of the most remark- 
able of the muscles found in tlie organization of the Bat, the occipito-pollicalis of 
Kolehati (Plate Xlll. figs. 1, 2, 4 & 6, Plato XV. figs. 1, & 2, c), although its claim 

to be regarded as a muscle of this group rests on a very slender foundation. This 
muscle arises from the superior curved line on the occipital bone for a varying extent ; 
in CBphdlotBs PoMcisii it extends for nearly the whole length of th(j ridge, in P^octulina, 
it is attached ^to its outer tliird, in Elmtlievurct to its outer fiftli, in Art'ihous to the 
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middle third, in Ptefopis and Macroglomis to the inner half, in MhinolojpJius diademai 
sjpeoris, and fermm-eqimmm to the outer half or third ; it is Yery small in the Megaderma : 
the fibres pass outwards from this origin, extend along the free edge of the propa- 
tagium to he inserted into the base of the terminal phalanx of the pollex. The muscular 
fibres are deeper in colour than those of the rest of the piatysma, and vary in the 
different species in the distance to which tliey extend. In Vesj)ertilio murmus^ Synofm 
larhastellus^ MaGroglosm,% and Flecotus tliey continue for two thirds the length of the 
entire course ; in the Phyllostomine Bats and Fteropits nearly one half is muscular ; in 
all the muscle ends in a highly clastic cord, which continues on nearly to the insertion. 
A short distance above the thumb, a few muscular fibi'cs are siiperadded to this. Pro- 
fessor Humpiiky found in his specimen of Fteroynta Edwardm that the whole cord 
resolved itself into a second fleshy belly ; in CgnongcteriH it had a large inferior fleshy 
belly; in Pteroyms edulis its origin was under cover of the nuchopatagial muscle. 
In all, immediately on the cessation of the secondary muscular fibres, the cord ceases to 
be elastic and becomes an ordinary tendon. 

At its commencement in Cephalotes this muscle receivers a few fibres from the occi- 
pito-frontalis, and on the loft side of the specimen dissected a muscular band fj-om this 
mitscle passed to the back of the concha auricuhe (Plate XV. fig. 2, e). In the Pleuthe^ 
nira this muscle and the occipito-frontal are even more closely coniuKited. In JiMno- 
dmlema the muscle arises under cover of the retrahons aiircun, and its fleshy fib]‘cs 
do not continue beyond the Hhouldcr. At first the glandular atid fatty masses asso- 
ciated with the thymus 8oj)arato it from the cervical trap(?zius and from tluj piatysma. 
Its fibres are ])erfectly free from those of any muscle at first, until -it retudies tiu*. middle 
of the shoulder, where tlu^ superior middle and inferior parts of the piatysma are inserted 
into it. The nature of this muscle has been thc^ subject of (liffereiico of opinion. 
Professor Kolisnati figures it as a special muscle und(n’ tln^ name which I have adopted 
(Sitzungsberichte dor Koniglich. heihmischen Gosellschaft der Wi.ssenscliaft, 1847, and 
the Allgcmeine deutscho naturhiat. Z(iitung, Dresden, iii. Band, 1 Heft, p. 9, 1857); 
he also calls it cjxteiisor ])ropatagii, or JfmterhmptB^PaumamnMs^^^^^^^ Ouvikb and 
Laueillaed flgxu’G it as the dorso-occipitieii, and TTtt^tpitev de.sc.rihca it as tlu' s('cond 
piece of the piatysma. CuvTim (see Humimiiiv, p. .‘JO'I) snpijoses it rniglit juissibly 
h(! a modific'd part of the trap(',y,ius ; and Mi'KHvKI., in (uaticisiiig ('irviKii’s description 
of tlio trapezius in Buts, says, imiis il exisU^ ('ii outre uu muscie longitudiiuil qui est 
tout-u-fiiit separe du. trapc'zius ])ar le tliymus, ce musede preud naissatux? a la Crete ocoi- 
])itnlc, sc ])orte en has ct (m. ddiors a l’a))o))]iyse acromieii et au grand ijcctoral avec 
lequol il s’lmit antericuromwit. C(flto (lispo.sition o.st la premieres trace d’une faible 
separation do la ])a.rtic antfo’iouro du trapeze” ('IVaitd d’Anat. Comp, fraduit par 
JiiKRTKit et tS.A.vsox, vol. vj. p. 2.19). M KOK KL s failure in the tracing of this muscle ho 
redeems subsequently in s])(‘aking of the mu-sclcs of the pollex; it is plain, however, tliat 
in both ])lac(‘M he is speaking of different aspects of the same muscle. 

I think we have sufficient reason to coincide with the theory thus proposed hh Meckel, 
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that this muscle is the modified occipital trapezius, because : — 1st, it is supplied by the 
spinal accessory nerve, as I have been able to demonstrate in ISleutheruurn and 
as well as in Megaderma \ this is the source from which the occipital trai^czius draws its 
nervous supply in Man; had it been platysmal it would have been supplied by the 
branches of the cervical plexus ; 2ndly, it has a more definite origin than any part of 
the panniculua; Srdly, the spot of its origin is exactly tiiat from which the trapezius 
should arise; 4thly, it is redder than the rest of the superficial muscles ; bthly, it is ana- 
logous in function to the tensor plicae alaris of the bird, which is the iiiodificcl acromial 
deltoid, retaining its origin and altered in its insertion ; this seems to bo a similarly mo- 
dified occipital trapezius ; 6thly, there is no trace of any other occipital trapezius, and the 
muscle is always highly developed. Against this view is its arrangement in Cejdialotea 
and Meutherura, in which it is actually joined to the cutaneous muscles at its origin. 
The superadded muscular fibres in the forearm may represent an accessory palmatis, a 
palmaris brevis, or a flexor digitorum sublimis. 

The uses of these muscles are very obvious ; the occipito-pollicalis raises and abducts 
the thumb and makes tense the dactylopatagium brevis. If the triceps cooperate ^vith 
it, it makes tense the propatagium ; the three parts of the platysma cooperate with it and 
assist it. The other muscular bands either contract the wing-membninc or move tluj 
skin. As a general rule the disposition of the cutaneous inttsch^s will bo seen to 
resemble closely the arrangement of the panniculus in the higher ( jarnivora. 

Facial Muscles. 

This group of muscles is very well developed among the Bjits. and though pjih'i* Ihuu 
the bod}^- and limb-muscles, yet they arc redder than usual. 

The occipito-frontalis (Plate Xill. figs. 2, d, & G, c, d) in all is (p,i ad vi gastric, tluj occipital 
bellies being cpiadrihiteral, parallel, and close togetlicr; tliis muscle arises from tlie ima.'r 
third or half of the superior, occipital liuc. In Flccokts the hollies m-e very short and 
thick, in Cejphalotes they are thin and weak; these soon end in the o])icriiuial a.j)ou(..!ii- 
rosis, from which the anterior bellies spring. liiFlecof'us the aponeurosis hogius on tln^ 
level of the base of the ear, and the frontal hollies are iusertod into the iutogu.m.{;nt of 
the forehead and into the procerus nasi; the anterior bellies are confluent mNodiiUna, 
as well as in the Flmiolophus' diadema and speoris^ and are barely separable in Vwmpj-‘ 
rops and Jrtiheub% in both of which the posterior bellies have a wide origin. In those 
also the epicranial aponeurosis is naiTOW, not exceeding in its length one half of the 
width -of the ear-cartilage ; the frontal bellies are enormous in Ccplialotes^ very small in 
Megadermai moderate in the Pteropidse. 

The size of the ear-mnscles, though in general they bear some proportion to tlio 
d#elo'pment of the auricle, cannot be said to obey any regular law; for wliilc in 
Symtus they are larger than in Vespei'tilio, Scotopldlus, or tlic Pipistrelle, 
yet \sx Minolophus Meutherura nearly as large as m Megaderma hpa. 

The^'eSfctnfteic^'intiscles are the usual three. 
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1. Hetrahens aurem {Plate XIII. fig. 7, h) in Plecotus is strong and prominent, arising 
from the occipital line, passes outwards to he inserted into the back of the concha ; a 
few fibres join the muscle of one side to its fellow of the opposite across the mesial line. 
In SijnofAis its arrangement is similar ; in Vespertilio, Vesjicruffo^ and NoctuUnci it is thinner 
and wider, and is attached to the outer part of the occipital bone. In Pteropus and 
Macroglossiis it is also thin, wide, and triangular. In Yampyrops it is double (Plate XIII. 
fig. 6, <3!, ^), the lower muscle starting from the occipital protuberance, the upper from 
the curved ridge external to the occipito-pollicalis. In Cephalotes it is small and thick ; 
on the left side in my specimen a band came from the occipitO'pollicalis to join this 
muscle, lying superficial to the sterno-cleido-mastoid. In Megaderma the retrahens con- 
sists of three slips (Plate XIII. fig. 2, /;, c), arising in common with the occipito-frontalis, 
of which the middle is the longest and the inferior the shortest. In Myotus it is still 
further fasciculated ; KoIjENATI found it in five bundles. 

2. Attollens aurem (Plate XIII. fig. 6, a) in Yampyropa and Aridhem is wide and thin ; 
most of its fibres run downwards and forwards ; it arises from the opitnanial aponeurosis. 
In Megaderma it is wider and thicker, very large in Pkcotiis^ and attached from the 
occipital curved line to the anterior margin of the epicranial aponeurosis ; not (|uite so 
extensive in the other Vespertilioninc Bats. In (JephaloteH it arises from the mesial lino 
of the scalp, overlying the epicranial aponeurosis (Plate XV. fig. I, /c). 

8. Attrahons aurem (Plate XTII. fig. 5, /) is very largo in Megaderma^ and arises 
from the supraorbital ridges as well as from the zygomatic*, arch; it is iiisortod into the 
anterior surfiu‘.e of the (ioiudia and tragus; mPlecofm and Hymtmit is stnall and thick. 
In Nockdina altholam it consists of two parts, one normal fj’om tho zygoiuatic arch, the 
other a transverse band on the forehead passing from tho one ear to tho ()th.or above 
the supraorbital ridges, and over the anterior bellies of tho occipitofrontales. In 
Yampyrope tho muscle is strong and its lower border rounded. In Oymnyeterie it is 
single and much weaker, and it is moderate in development. In AvUIma jamaiomim, 
in Pteropu,% and the Kiodotc (Maoroglossns minimus) it consists of a thin sheet of 
muscle overlying and attached to the tcunporal aponeurosis (Plate XIII. fig, 3, e)* In 
Cephdotes its origin is from the zygomatic procicss of the l('.mporal bone. \md(.n* the 
zygomatic muscle ; it passes upwards and backwards to tluj cuir, Ibi'iniiig a strong band 
of fibres. 


In Plecotus ICoLiiiiirAT[ has found a special dep.i.’essor trogi passing froTU the; c-oricha to 
the tragus, which it depresses; this corresponds to the tragicus ol: the human car; this 
exists in the Horseshoe Bats and in Megaderrm lyra, but I found it in no others. 

The nose has one large pair of muscles in every spcciics, the procerus nasi (Plate XIII, 
fig, 6, e) (pyramidalis would be a misnomer in every case) ; this varies in size, being small 
and indistinctly joined to the frontalis in Plecotus, larger in the Barbastello {Synotus), 
inseparable from the frontalis and small in Megaderma, enormously largo and thick 
and with a special frontal origin in Bhmolophus diadema, speoris, fernm-eguinum, and 
Mpposideros, also large, but with no separate origin, in Cepkalotes. In Yamgiyrops 
vittatm it is likewise large, and has a special bony attachmont. In Artihmm it is 
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inserted into the base of the nose-leaf, and in Cynonycteris is exceedingly feeble in its 
development. 

iTiNootulina altimlans I found two small muscular bands which represented the dilator 
naris, anterior and posterior; I have not found them in any other Vespertilionine or 
Pteropine species. In the nose-leaf of Artiheus the same were present, but wore much 
larger, passing from the integument of the side of the taco to the nose-leaf; in that of 
Megadenna these were much more feeble. 

In jRUnolophus sjpeoris the first-named pair of nasal muscles are on either side of the 
pouch, and thus can constrict it. 

The eye-muscles are also very simple ; the orbicularispal pebrarum (Plate XITI. fig. «>, d, 
& 5, h) is a single muscular ring attached to a tendo-oculi, and does not present any 
variation in any of the species. In Vampyrops a few fibres from its upper surface pass 
upwards and backwards into the anterior belly of the occipito-frontulia, making a sort 
of corrugator supercilii (Plate XIII. fig. C, /) ; an arrangement like this also exists in 


Megadenna^ but I did not find it in any of the others. No other external eye-muscles 
were traced. 

The muscles of the mouth are u.sually well developed ; the orbicularis in all is a .singkj 
muscular ring into which the other muscles are inserted ; zygomaticus minor I cjuly 
found in Gephalotes (Plate XV. fig, 1, g) as a small fascichi above the major from the 
zygoma to the angle of the mouth. 

The zygomaticus major in Vmnpyropa XIII. fig. 0,,/) (^^cis(.sa.s a wi(l('baMd from 

the zygomatic arch to the angle of tire mouth; in almost all the other species, however, 
it existed as an auriculo-angiilur muscle, passing from the front of the ear to the angle 
of the mouth; this is the case in theNoctuh^, Pipistrelle, (Platr^ XV. fig, 1, /i), 

Megndernut (Plate XIII. fig. 5, e), and otlnus. .In Maci'oghiiHns (Plate XllL fig. 3, li) 
and PteycpiiS it is a true zygomatic rvitli no car-councxioii. 

A levator anguli oris (Plate Xlll. figs. 3,/, 5, o, (i, /) is pn.'seiit in all, aiising from 
the maxilla in front of and beneath the infraorbital ridge ; in Marroghmns this joins 
the zygomaticus. A depressor anguli oris and doinessou labii inferiovis combini'd exist in 


the lower lip, arising from the mandible and inserted into the orlricularis (Plate X.U.I. 


figs. 3, y, 5, 6, m). 

Levator labii superioris alaique nasi in Megadenna (Plato XITI fig. 5 , ?, /) in a 
remarkable and complex muscle, consisting of two slips cros-sing each other, thcj iuokj 
superficial passing from above and in front of the inner angle of the eye to the upper 
lip, tlie deeper ari-siug external and a little inferior to the foi-mer, and passing more 
horizontally to be inserted into the ala of the nos(; and tlie basal lobes of the leaf. 
This muscle in Yauipyroim is represented by a single ba.jul (Plate Xlll. lig. 0, /i), starting 
from the inner side of the orbit and nasal bone. In the Pteropine Ba.ts tills muscle is 
thin, and has no nasal attacliment (Plato XV. fig. 1, a). 

The muscles of mastication are very variable in degree of devoloinnent. The hanpoinl 
is small in larger in Synotuts, still larger in Noctnlhia, and pre^iojtionally 

largest in Ptero-^m edulis. The masseters are bilaminaa* in all, proportionally largest in 
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Ft. Fdwarddi, then in Noctidina^ and smallest proportionally in Cynonycteris. The bucci- 
nator is weakest in Ftero^us^ and proportionally strongest in Myotm ( Ve8X)ertiUo) murhius. 
The pterygoids, especially the externals, are particularly small in all the species. 


Muscles of the Necic. 

On raising the integument of the neck the first structures exposed arc the several 
parts of the platysma already described, then several large glandular and fatty masses, 
connected with the large thymus of these animals. The salivary glands are very large 
in the frugivorous Bats, especially the parotid, which extends into the anterior cervical 
triangle ; the submaxillary, though smaller, yet is a large glaml, and much rounder and 
more definite than the former. Below these the following muscles are brought into 
view: — Sterno-mastoid, in Flevotus and the other Vespertilionine Bats, as well as in 
Meyaderma (Plate XIII. fig. 5, c) md Fte7vpus, is a large single indivisible muscle arising 
from the episternum and sterno-claviciilar ligaments, and inserted into the paroccipital 
and supraoccipital bones ; in Fte^'oirus edulis it extends as far inward as the oc.cipital protu- 
berance. In the species of lihinolophtis^ Fte 7 'O 2 )Usfunc' 0 rh, Meutherum, and Macroylossn.% 
as well as Oephalotes (Plate XV. fig. 1, Va77ipy7’Oj).% ami the sterno-mas- 

toid is double, the superficial part being as described above, and covering a deeper band 
smaller in size, which arises fieshy from the sternum, and , is inserted by a narrow tendon 
into the paroccipital process alone. Both Oavjmi and speak of this muBole as 

single, and as having no trace of a clavicular origin. 

Cleido-mastoid is a muscle whose existence in the Bats has been donuxl by Citvihji 
and Meckel; yet it exists and is often moderately strong, as in 'Noct’idmax it is usually 
perfectly separate from the sterno-mastoid, more vertical than which it lies, and in 
Vainji'ijT'ops the spinal accessory nerve intervenes ; it is inserted along with the deep 
sterno-mastoid into tho paroccipital i)rocess; it is exceedingly small in Meyaderma, 
Cephalotes, and Meufheimra, larger in EkinolopJms diadema and speoris ; in tlm Pii)istvoll(j 
it is only one third tho size of the sterno-mastoid ; in Pteropu.^ it is (wen less, and its 
upper third is tendiuous, and inserted into the ti]) o.f tho paroccipital. IS’o trace of a 
cleido-occipital exists in any of tlio specio.s examined. 

Sterno-hyoid (Plate XIII, fig. 8, v) is broad, fiat, and thin, passing from tho iiostovior 
aspect of the sternum to the os hyoidcs. In my specimen of J^octulim it was united to 
the omo-hyoid in a manner to be descjibed Uercafter. A tendinous inscription exists in 
most of the Vespertilionine Bats; I found none cither in the Pteropinc or Phyllosto- 
mous species, while in Ehinoloplms the sterno-hyoid is -narrow, and presents notliing 
remarkable. In ISfoctulma the mylo-hyoid was covered by a layer of longitudinal 
fibres, constituting a mento-hyoidean ranscle. Of the other laryngeal and tongue-muscles 
there are no facts of sufilcient interest to deserve special record. The styloid muscles 
are large and strong, especially the stylo-glossus, which passes as usual from the stylo- 
hyal bone to the side of the base of the tongue. 

Digastric (Plate XIII. fig. 8, c,. d) in the Vespertilionine Bats is a simple one-hellied 
depressor of the mandible, extending to the middle third of the ramus, and largest pro- 

MDcocLxxn. r 
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portionally in Noctulina, In tlie Pteropine Bats it is of yery large size, ospcicially in 
Cephalotes; in Megaderma lyra and Pterojms edtolisii sliows a ycry remarkable and 
interesting feature, namely, a tendinous inscription obliquely crossing it opposite the 
angle of the jaw. This is very interesting in a morphological point of view, as the 
muscle is not protracted further forward than usual in these species ; it shows that the 
two bellies of the truly digastric type of depressor of tho mandible (such as is found 
among the Primates and the Kodentia) are represented in this and other orders by the 
single-bellied muscle, and that it is not simply a homologue of the posterior belly. 
Thus from the single-bellied muscle of the Carnivora and Cetacea &c., we have the 
intermediate step of the digastric intersected by an inscription leading us to the truly 
biventral form in the higher mammals. 

The omo-hyoid is a slender and distinctly biventral muscle in the Vcspcrtilionidtu. 
In the Phyllostomine Bats it is large, and with scarcely any trace of a ttuidinous inter- 
section. In Macroglossus it passes from the suprascax^ular ligament to tho hyoid boiu', 
and, as in the other Pteropine Bats, it is digastric, but its central tendon is very short. 
In my specimen of Woctulina there is a muscular band arising Irom the middle of the 
clavicle and joining the stemo-hyoid muscle at a point about midway betwocm the origin 
and insertion of that muscle ; immediately beyond tho point of union a temdiuous line 
existed in the combined sterno-hyoicl and omo-hyoid muscles; no other omo-hyoid 
existed in this species, and this arrangement wjis present on both sides. 'Jliis method 
of attachment in the omo-hyoid has hitherto only been known us an anomaly in human 
anatomy, and as such I have described it (Trans. Hoyal Irish Academy, vol. xxv. 1B7I, 

p. 22). ‘ 


The three scalencs exist in the Bat as MeoxrTj lias dcsciibcd. Tlu! antcu'Iov is v(‘ry 
small, and in Vampyrops ascomds to the transverse process of the secoiul cervical 'Ncr- 
tobra ; the medius and posticus are united at their origins, sciparate at their inyertions. 
Meckel says they are arranged as in the Carnivora; the posticus docs not extend below' 
the fourth rib. 

The other d('op muscles of the neck, longus colli, longus atlantis, recti capitis fintici, 
major et minor, displayed no points ivorthy of special notice. 


MuscUii of the Thorax. 

This gi’onp of muscles is of deep interest, as its elements are concerned in the action 
of flying. 

Pectoralis major (Plate XV. fig. 1, s) is in two parts in all species, but they vary 
slightly in their degree of separability; it is distinctly cleft in the Pteropine Bats into 
a clavicular and a sternal muscle, not quite so separable in the Phyllostomidic, separate 
at origin but combined at insertion in the Flecotus, with little more than a distinct 
trane of division in Vesperugo, and nearly completely severed in Venpertilio, FoctuUna, 
siind Scotqphilus hesperus. The sternal part is undivided and of enormous size, arising 
from the . whole length of the tonum, except the xiphisternum, from the anterior 
stemo'clavicular ligaments, and it is inserted into the pectoral crest on the humerus. 
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This muscle is proportionally largest in the Vampyres, especially in Artiheus; is short 
and thick in JPlecotus and the Pipistrelle. It has in general, properly spealdng, no 
clavicular origin, as Professor Humphry states; but that author does not notice the 
origin from the sterno-clavicular ligament and the somewhat kidney-shaped epicoracoid. 
This enormous muscle is by far the largest in the body of the Bat. In Megaderma a 
few fibres arc attached to the sternal end of the clavicle, and the entire muscle is 
much thinner than in the Vam])yros. The degree of separation existing between this 
muscle and the clavicular deltoid is very variable ; they arc perfectly distinct in the 
species oi Bhinolojghua, especially i?. diadema; in Eleuthemr a conjoined; nearly 

so in the Pteropbs Edwardsil ; quite separate in Ftmigms edalis and m Megadeimia. In 
the Vespertilionidte, as remarked by Meckel, they are combined. In my specimen of 
Fteroims eduli% which was 36 inches in expanse of wing, this muscle weighed an ounce 
and one tenth. 


The second part of the great pectoral, or the pars clavicularis, is variable in si/.o and 
separateness, completely covered by the sternal part and small in (kgdialotes ; it arises 
from the anterior sterno-clavicular ligament and the inner half of the under border of 
the clavicle ; it is inserted above the sternal pectoral into the pectoral crest ; it lies on the 
costo-coracoid monxbranc and the coracoid process. In Vampyrog^s it is, at its commence- 
ment, completely under cover of the sternal part, but at its insertion it is the more sux)C5r- 
ficial of the two. In Maeroghmia and Fterogms this portion, though in its course and 
termination on a plane posterior to the sternal part, is loss covered at its origin, and 
passes over the coracoid inocess. In these it arises from nearly tlio whohj length of the 
clavicle (two thirds in Fteropus mediusi one third in Edwarddi, Humphry, even loss in 
Fterogms edulu) ; its lower surface is flat and fleshy where it lies on tht^ coracoid, from 
which it is separated by loose areolar tissue ; but no bursa intervenes, and the relation of 
the parts in irowise partakes of the nature of a pulley. This portion in the FUaofm 
overlaps the sternal part for one half, and the same is the case in Yetp&iMio. In Mega- 
derma it is more distinctly separate than in any other species, tlu; <nit<?nor ciifioieous 
nerve inteiTcning betw(u'n it and th.c pars st<nnal.is ; in this species it lias much tlu^ 
appcarimce of tlie Juimau anomaly pectorjdls luinimus d(.'sc;ri.b('(l. by Brofessor WjJNZiiL 
(hiuiiiiJi, of St. Jhilovsburg ; it arises from tlu; clavicle, stei’jio-clavicular lig:imeut, and 
fVoni tli.e cartilage, of the first rib ; the insertion is by a special round tendon into the 
pectoral crest of the humerus. 

U.’lio nature of this second part of the great ])ectorii.l bus been a subject of difierence 
of opinion. Cuviun, in tlie ‘ Logons Oralcs,’ describes the great pectoral as tripartite, 
and regaixls this as its second part. Meckel describes tlie great pectoral as consisting 
of a superficial and two deep jjortious; the first of these, he says, arises from tlie 
sternum and clavicle (my dissections, as noticed above, do not bear out the latter pnrt of 
the statement ; but as ho did not sepsaute tlie clavicular deltoid from the sternal pectoral, 
he looked on the origin of the latter as part of that of the former), the second part is 
clavicular, and the third also from the clavicle. In their Plates of Fleropus^ Cuvieb 
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and Latjeillaed figure this muscle as the petit pectoral ; Humpiiey regards it as a part 
of the great pectoral, and corrects Cuvier’s error of assigning to it a costal origin. The 
fact of this muscle and the pars stemalis receiving their nervous supply from the ante- 
rior thoracic nerve, a branch of the external cord of the brachial plexus, settles the 
question of its morphological nature. 

Pectoralis minor is absent in every species. 

Pectoralis quartus in all is a distinct, well-developed muscle, largest proportionally 
in Noctulina^ smallest in the Pipistrelle, and very small in 8ootO])h.Um Iieq)eru{i, In 
general it arises from the superficial fascia of the abdomen opposite the level of the 
lower margin of the thorax, at the anterior termination of the upper false ribs ; in no 
case did its origin stretch as a separate structure to the pubis, and it invariably was di- 
stinctly superficial to the rectus abdominis; and even when I detached artificially a slip 
of the fascia to make a factitious origin, it lay over and not alongside, or in any senses 
in common with the rectus, as Professor Humpiiby describes. In Cq)h(ilotefi its origin is 
from the middle line of the abdomen at its middle point, and its fleshy fibres overlie 
those of the rectus, crossing them at a small angle ; in this species it passes underneath 
the pars stcrnalis of the great pectoral to he inserted into the uppermost point of the 
pectoral crest of the humerus, immediately inferior to the insertion of the pars clavicai- 
laris. In all the species except 'IHecotm it was perfectly detached from tlu^ great p(xi- 
toral, and in that species it was merely coimcctod with it at its insertion. In every 
other instance the muscle ended in a long tendon, by which it is inserted into the 
summit of the pectoral crest. In jPtGVOjins eduUs its origin corresponds to tlu' ]iiu>a 
alba, an inch below the ensiform cartilage, and extending down for one fourtli of this liiu*. 

Its origin is always superficial, and below tlic great pectoral ; hut owing to the gr<jiitei: 
vcrticality of its fibres it soon sinks under cover of that museJo. In PUn‘0])m and its 
allies the insertion is, as described by Professor HorPimv, into the point below the pars 
clavicularis. In Yamiyyrojiis vittatus and Artiheus jamaicensh'i it is also below, but jujt 
quite in contact with the other muscle. In VespertlUo and SGotojphilus it is behind the 
pars clavicularis. It is thin and inserted higher up in Ifegaderma. In Mmthmtm 
it arises from the middle line of the upper third of the abdomen, also superficial to and 
separate from the rectus, and it extends ewen over the ensifovm cartilage. I'his muscle 
is regarded by C(JVI.ee and Lauej.]J.aed as the portion ventralc of the great pectoral, and 
by Professor Huhpuey is considered as probably tire representative of tlie pectoralis mijior 
{loG. cit p. 301). It is, however, a muscle of a difibrent nature, one whose synoii^ ius 
are numerous, and which has been recognized as a distinct muscle by Professor HujiriuiY 
in the Orycterope and Seal, under the name of hracUodateredia* . In Man it often 


* The names gb'cii to this mriselo in different animals are legion. It has hoon called linmero-abdomiimliM 
abdomino-liumoralis (DugIw), costo-lmmcralis (HirxxnY), chondro-o]>itrot;hJ<ijiv (Duvkhnoi'), bmehio- 
abdtoinalis (Zeiceeb), brachio-latoralis (IIuarpiiKY), porlio-abdominalis pectovnlw niajotis (Erjifini.). J’of!l.or!ilifj 
quarto,; the name given to it above, was settled on by IVofcssoi* IfAUGnioji and myself as the name by wliicli 
we should call it. 
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coexists* with the lesser pectoral as an anomaly ; and in one of its conditions it is known 
as the chondro-epitrochlearis. That it is not pectoralis minor is shown by this fact, and 
also by the fact that it is supplied by the anterior thoracic nerve from the outer cord of 
the brachial plexus, not by the middle, which should supply it if it were lesser pectoral. 

Cuvier and Meckel describe a muscle passing in the Bat from the three upper ribs 
to the coracoid process with a broad tendon of insertion ; this tliey call the pectoralis 
minor. I have not seen the least trace of a muscle like this in the whole course of my 
dissections, nor has Hu^rpiERY met with it in his IHeroims. 

A strong costo-coracoid membrane underlies the pars clavicularis of the great p( 3 cfcoral 
and covers the subclavius ; tliis is weakest in Madema and Qe^haloUs^ 

strongest in Macro(jlossus. The subclavius (Hate XIII, fig. 13, a) beneath it in all 
passes from the first rib to the clavicle, and has no connexion with any other bones ; its 
origin is tendinous in Megadema and Fleooim, This tendon is long in the Pipistrelle ; 
its costal attachment is fleshy and tendinous in Fteroinos, and is lieshy and from a large 
extent of the first rib in Pteropiis, Cqjhalot(% and Macroghams. Its inscu'tion is into 
the outer half of the under surface of the clavicle, or the outer seven eighths as in 
Megadmna^ or two thirds as in ArtiheiiHn The muscle is proportionally smallest in 
'.N'oiMina. Its non-extension is interesting, as this is the honiologuc of the levator 
humeri of the bird, whose extension to the humerus is of such importanco in avian flight, 
thus indicating the difference between the mechanism of flight in th(j two series. 

. Serratus magnns is a double muscle in all the Bats, and consists of an inferior and a 
superior part ; the former arises from a varying number of ribs below the first, eight in 
Plecotus^ iSgnokcfi, Veqj&tiiliOi and WoduUna^ with two slips from the scjcond rib in 
Yesjgertilio murinus^ Ten^emgo grlinstrellus, and Ufodulhruii with a single wide slip in 
Flecotiis and JSgnotics. In Macroglosms it is attached to nine ribs, with only one slip 
from the second ; in Artihem and Varnggyrogis it is attached also to nine ; in Pkroxnm 
medms and Edwardsii to eight, or ten, as in P. eduUs ; in Megaderma to nine. Meckel 
describes it as arising from the ribs, except the two last ; it is inserted into the inferior 
and external border of the scapula between the tej’cs major and the suhscapularis, .some- 
times rising nearly halfu'ay alojig the axillary margin cjf the .scapula., as in jUrgaderma. 
In Vaoni/grojifi it has an attachment liiglun up to tJic jiosteriov border, a.nd a tendinous 
sling strotclic's from this to the main insertion at tlioi lo^ver angle. 

Serratus mngniis siipcrioi' ai;is(.\s from the finst rib in the Ilhinolophidic, rhyllostomidi.e, 
as well as in Venperugo and Scotoidiilus. In .Noctnlina it arises from the upper three ribs 
behind the iipper border of the serratus inferior ; in Pteyojgus it lias a second tootli from 
tlic second rib ; its origin is under the scaleni, and is inserted into the vertebral edge of 
tlie scapula at its upper angle under cover of the insertion of the levator an guli scapula;, 
from which it is perfectly separate in all thc^ Cheiroptera, even in Megademia^ in which 
the serratus magnus superior arises from the first rib, and from the tninsverse process 
of the last ecuTical vertebrae. 

I figured and described this muscle in Qelns caimanm, Proo. Hfut. Itlst. Sec. Dubl. 38GO, pi. 1. 
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Serratus auticiis arises (Plate XV. fig. 1, u) fi:om the steninm beneath the pars Rtcrnalis 
of the great jpectoral, and overlying the prolonged rectus abdominis is inserted into the 
first rib below the origin of the subclavius ; its sternal origins are as usual tendinous, 
and its insertion fleshy. In Vesjpemgo it extended as far down as the attachment of the 
fifth rib-cartilage to the sternum, in NootuUna only to the second stcrno-chondral arti- 
culation; in Artileus it extended to the third: in Yampyro^/s it was dividend into two 
parts, one of which was attached to the sternum opposite the third rib-cartilage and to 
the second rib-cai’tilage ; the other passed from the sternum to the first rib. In PkrojjUS 
itis very weak, and extended as far down as the third stcrno-chondral joint; it is strong, 
fleshy, and thick in G&plialotes and EleutJierwm. 

The intercostals, infracostals, and transversus thoracis anterior presented no note- 
worthy features. 

Muscles of the Bade. 


The nuchal hollow in all the specimens was filled up by a fatty mass, which in iriy 
large Ft. edulis was an inch in thickness in the middle ; this lay below tlie occipito- 
pollicalis, which we have before described as probably the occipital trapenus; on 
clearing this out, no distinct trace of a ligamentum nuchas exists. 

The second part of the trapezius muscle, or the trapezius dorsalis is large and 
with a very thick rounded upper border. In Artllmts and Yami>ijro;i>s a Hemidotaohed 
upper slip passed from the two lowermost cervical spines to tlie outer fifth of the 
clavicle; this is weak, and is the only trace of the cervical trapezius in entire order. 
The proper dorsal trapezius is a single muschi in Bleroj/ns^ Macrvylossus^ Cqdmloks., 
Blecotus, Yesjmifio, .and ElcHfwrura ; it jiriscs from the spines of all tlu: <l()vsal 
vertebraj hut the tw'o lowest in Maavylosstfs, all but tlu* lowest five in (Jejjlialates, from 
all in Blecotus, not so far doAvn in the Ifipistuclle and iSootoj/kilas, but I could not 
ascertain by how many they fell short ; it is inserted into tln^ upper margin of the spiiui 
of the scapula and acromion process. In Myotus murinm it is attaclicd to eleven 
dorsal spines, as described by CuvjJiii, Mjscjckl, and Koli:katj. In Pteropm tll(^ fibres 
exUmd to the outer fifth of the clavicle ; in the Pipistrelle there is also a cbiviculur 
fascicle. In Ffociulina the muscle is double, the superior dorsal trapezius arising froui. 
the spines of the vertcbrie in the uppermost third of the dorsal region; and thes(j JjbrtJS 
run transversely across to the scapular spine and acromion, making a (juadrilsdoi'al 
muscle, '.rhe inferior trapezius springs from tlic spines of the vcrtehri-c in the middle 
third of the dorsal region ; its fibres ascend, and arc inserted into tljc [)o.sterior margiTi 
of the sca])ula at tlie base of the spine; for a short distance before its insertion the 
muscle becomes tendinous. In Ya:i)vj)yroj)s, Artiheus, Megadermu, aiid lihimloyhns tin' 
trapezius is also cleft (Plate Xlll.fig. 9,/), and the wodost interval exists in the last t\v() 
of these genera. In MegculcrmaYini .superior tiupezius arises from the llrret'. uppcM-niost 
dorsal spines, the inferior from the lowest four, the intervening space being only occu- 
pied by a very thin cellular expansion, through which the fibres of the rhomboid wcuu 
visible ; the inferior portion was inserted by a long tendori into the superior angle of 
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tlie scapula ; the superior portion sends a few of its fibres to the outer eighth of the 
clavicle. In JUdnolo2)hus diadema and sjmris the arrangement is the same. In the 
Varapyres the muscle is divided into an upper and lower part also ; the upper from the 
four superior dorsal spines to the acromion, the lower begins two or throe vertebrEe 
below, and extends down to the second from the last dorsal vertebra : this portion is 
connected to the latissimus dorsi at its origin, and reminds one of the inferior trapezius 
in the bird. The lowest fibres of this muscle are continued into the posterior marginal 
fibres of the acromial deltoid, a tendinous inscription marking the line of fusion. An 
approach to tins doublencss exists in the .Ifipistrelle, in which the central part of a single 
trapezius is mtcrsectcd by a tendiuouH line. In tlu^ Megadernia I traced the principal 
part of the spinal acjccssory distinctly into this muscle, tlie upper branch of it going, as 
before mentioned, to the occipito-pollioalis. In all the upper border of trapezius is t^vice 
or thrice as thick as the lower. 

Ilhomboidt'.UH (Plate XV. fig. 2,y) is a single midividiKl muscle in all, never prolonged 
up to the? occiput ; its fibres do not rise higher tlian the spine of tlie first dorsal ver- 
t( 5 bra, and they extend to the fourth in the Pipistrelle and Fk<:otn,% to five in Myotus^ 
Oeydialotes^ and Meyadewue. It is strongest in the IHoropi^ next in tlie 

Phyllostomidjc, Muckel states that it arises from the lowest cervical vertebra', hut this 
I have not found in any species ; its insertion is into the hinder margin of the ])ost- 
soapula, and in Meyadema it extends to tho hinder edge of the m(^Ho-.sciipula. 

iS(!rratuH ])OHtions superior in all is very thin, so thin, inilecjd, as to bo scarcely demon- 
strable', ; it is only attached to two ribs in Synotu.^ and to three ribs 

in Vampyrops and Artilem, to the four uppermost, exetspt tho first, in Oqdialotes. 
Mkckml says tho superior is much stronger than tho inferior; but I found very little 
difficulty in tracing both in many of the species, and in Meyaderma the lower is the 
stronger. 

Sen’atus poslicus hifi'vior, still thinner, is only attached to two ribs in the Pipistrelle, 
to tluj same number in Vampyroim, to five in Ceplialotes^ to m Megadmna^ m 
which it is ■i)rop()rtio;ially strongest. 

S))h!niiis ( Plat(^ X’ll J. fig. 9, a., & Plate XV. fig. 2, d)^ a .single larg'c rnusch! ai'isiug from 
tlie fiv(j lowermost cervical end one dorsal spines; in all it i.s undivided and attached 
to tluj occiput, iiH well as to the two or three upper cm-vical transverse processes. In 
J^lci'vpn^ it is 1)11 roly occijfital, and Jias a tciidinou.s insertion. 

In Mcyadenaa lyra this muscle covers over a rhombo-atloid slip, which passes from 
the- ti’ansversc process of the atlas to the spine of the first dorsal vertebra. 1 did not 
see tills in any otlier species. This muscle occiu’s clsewlicrc as an aiiomaly in Man. 

('()in])le.xiis in the Yampyrops is a tliick muscular mas.s, including in it the corn plexus 
proper, irachelo-mastoid, and the biventer cervicis;'it presents no intersections. In 
Mcpidn'nia and Fteroims tlio biventer is separate, and is strong and .straight witli a 
distinct linear transverse irrscription; it arises from the spine and transverse processes 
of tlic iijiper dorsal vertcbrtc (one or two), and is inserted into the occiput. The com- 
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plexus proper is attaclied below to tbe lower twd or three cervical transverse processes. 
Meckel says these muscles have no inscriptions in the Bats. 

Latissiinus clorsi in Macroglossibs mirmmis and Cephalotes arises from the spines of the; 
four lower dorsal vertebrae ; in JBt&rcggus medius and Edwardm from three ; in Pt. ediiUs 
from four ; in Eleuthemra from the four lower dorsal and two upper lumbar spiiu^s ; from 
three dorsal and two lumbar in Megadenm. In none has it any costal attachimmt ; the 
fibi'es run upwards, outwards, and forwards, to be inserted into the inner bicipital cclp^o 
of the humerus above the teres major, and directly below the inner tuberosity. Cuviek 
gives as its origin the two lowest dorsal spines, and mentions its being connochul to the 
trapezius {loo. cit, i. p. 276); this is denied by Meckel [loo, cit. p. 267); but luwcr- 
theless, as mentioned before (see trapezius), it is true in one genus. In Koctidina it 
occupies the lowest third of tbe dorsal region, springing from four dorsal spines. In all 
the species a bursa separates its tendon from that of the teres major. In the Vampyres 
it has an additional lumbar vertebra in its origin, and gets a slip from the iliac crest ; in 
the Pipistrelle its lumbar origin is very scanty, and only attached to two vcitc^bim. 
Cuvier says its tendon is joined to that of the teres major, which arrangemont did not 
exist in a single specimen dissected by me. 

The erectores spinas are very feeble, weaker than in any otlicr group of mammals 
according to Meckel. Tlie sacro-lumbalis is only attaclicd to the nine h)wer ril)H iu 
Megadenm. In the smaller species these mnsclcs justify Cuvii-ni’s dcHtodption, by 
existing as a few tendinous fibres ntjur the spine. Extensores caudm in tins Noe, tubs art*, 
long, and pass from the sacrum as usual ; there is no st'.parablo multifidus spium as 
Meckel describes. Tlio obliqnu?- supCM-ior cajnlis is sm-.ill lu Mni'idi and lien 
parallel and internal to tVio roctus capLiis latorahs; the obliqnus interior is equally large, 
and the rcctns capitis posticus major i.swid(^ and triaiigiilyr, with a broad iuscatiou; the 
rectus posticus minor is small, sliort, and square. In Plecoi-m the occipitalis iiuijor 
nerve is veiy large, and sends filaments to l amify on tJio hack of tln^ ear. 

The levator anguli scapulic in all is a separate inodorutoly bu*ge mnsclo ; in tlie 
Vampyre it consists of two slips one over another; it lii^s on a plane supertieial to tlu^ 
serratus and above the rhoinboidous ; its origin is from. t].io sixtli and sovtmLh C(‘rvi(ja.l 
transverse processes, and its iusertion is into the posterior border of tlio scapula. abov(‘. 
the spine. It is single, hut with the same attachments in the PigcoIuh^ ri])istvoUc, and 
Noctule. Ill C(>])halotcs it also is attached to the two lowest cervical vcrttd)ra'., to tlie 
posterior border of the prescapula; and the same is the arrnngoment in tbe Eh.Hlht'i iri'tf. 
and Pterojgi. In Megademia it overlies tbe slip of the serratus magnus superior tVom 
the seventh cervical transverse proce.ss, from which it is scj)aratcd by the jjosterior 
muscular branch of the brachial plexus passing back to su])j)ly tbe rhomboid. 

Levator claviculse (omo-atlanticus, omo-trachelien, acromio-traclielicii, tracliclo-acro- 
^al, acromio-basilar, cervico-liumeral of divers authors) T found in all but PkcMm-, 
it anses; above the levator anguli scapulse from the fourtli and fifth cervical truiLsixT-sci 
■processes, in Ptero^us from the second and third (Humphry, p, 304), and is inserted 
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into the clavicle at its outet fourth, behind the cervical trapezius when that muscle 
exists ; in the Pipistrelle it arises from the fourth alone ; in Pterojms its fibres run to 
the outer point of triscction of the clavicle. It is very strong in Gcphalotes, and sends 
some jfibres to the acromion. 


Mmoles of the Uj)])er ’Extremity, 

The deltoid is divided into three ]parts in general, which look like perfectly separate 
muscles ; the acromial deltoid (Plate XIIL figs. 0, c, 10, «) is very distinct, arising from 
the acromion process of the scapula, and inserted into the upper and outer i)art of the 
humerus on the outer side of the pectoral ridge. In Maaroglossus and IHerojgus it 
extends below the pectoral muscle (the same length in Et, Edwardsli, twice as far dbwn 
in Pt. eduUs, Humphry). I could not find in any of the species oiEtero'jmSi Eleuthenim, 
Cej)lialotes^ or Maoroglossns any of the posterior fibres running into the triceps ; they 
are closely applied together, and without careful dissection cannot be separated. In 
EUcotus this muscle is solid and thick, and its insertion is high up ; the opposite extreme 
in the way of length is in Eleictheriorat in which the muscle extends for one sixth of the 
humerus below the inferior border of the insertion of the great pectoral. In Yampjrop 
the fibres run from the acromion in a radiating manner, the upper being short and 
nearly transverse, the lowest being long and oblique. In Megadenym its origin extends 
Ijobiiid (he iicromlou frojti Llu‘ meso-scapula, and its fibres take the same course as in 
] I'liiis iis fibres Jcivt! the same relation to the clavicular deltoid that the 
scapular deltoid has to it. 

'li'he clavicular deltoid is in general, as Meokel describes, insoparablo from the great 
p(a;i()r:il. :uul i-. not absent as CuviEii supposed; it is always separate from the acromial 
portion : the muscle is partly separated from the pars sternalis of the pectoral in Eleu- 
tliemra^ completely separated in Magadenna and Eteroyus eduUs, arising from the outer 
fifth of the clavicle (enter half in Et. edxdis) ; it is inserted over the pectoralis major, 
and the borders of the muscles arc superficially morkc'.d out iVoiu eacli other by a. vein 
(th(‘ c.(.q)liulic). In Elrrogus Edwardsil, IIu-MrjiUY found the deltoid attiulieil to tlio 
oubn half of the clavicle, internal to the ms(nti(.)n of the trapt'zius : lie also found it 
hloutled Avith the pectoralis major at its insertion {loo. vii. p. ?)l)5). l.t is always with 
the pars sternalis of the pectoral that the clavicular deltoid is fused, not uitli the pars 
claviculai’is, which lies on a plane deei)er. 

The scapular deltoid (Plate XIII. figs. 9, g. & 10 , d) is jicuiiy inseparable from the 
acromial in Ehinolophns diadema^ at least the contiguous fibres are nearly parallel 
and closely applied to each other. In general this muscle arises from the margins of the 
infraspinous fossa, over the infraspinatus muscle, from which it is separated by a thin 
layer of foscia. In Macroglossus it is attached to the posterior half of the lower margin 
of the scapular spine, as well as to the posterior margin of the postscapula. In Eleu- 
ih^rura its fibres arc very transverse, chiefly from thcj hinder margin, and on the same 
plane with those of the teres major. In the Pipistrelle its outer and upper fibres are 
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nearly parallel to the posterior border of the aci'omial deltoid, showing its deltoid nature 
In Nootulina altivolans none of its fibres are meso-scapular ; they all arise from the 
posterior margin. In Vam^TO^s its origin is also posterior. Tlic insertion in all is 
into the external side of the humerus, below the external tuberosity and under cover 
of the acromial portion ; the insertion is single in Fteropiis and its allies, except Vt. ednlis, 
double in Yamfyrops and Artibeus and J?t, edulis; in the two former the two slips of 
insertion are a considerable distance apart. In Flecofus, Vesj^erUho, Yesjterujfo, and 
iScoto^phUus the insertion is single also. In Megadema a few fibres of the trapezius are 
continued into its upper border. 

In Megaderma this muscle is very deltoidean in appearance in the direction of its fibres ; 
it is least so in Gejphalotes, in which, as in NoctuUna, no fibres arise from the spine of the 
scapula. 

Professor Humphey considers this muscle as teres minor, CuviEE more properly recog- 
nized its deltoidean nature, Meokel confounded it with the infraspinatus, which ho 
describes as very thick. That it is the scapular deltoid is plain from its position over- 
lying the infraspinatus and its fascial relation, lying between two lamiuiu of the infra- 
spinous fascia, and from its coexistence with a beautiful little teres minor ; indeed the 
only feature not deltoidean about it is its transverse direction, a condition which gives it 


great power in j’otating and retracting the humerus. 

8uprasphiatus (Plate XJII. fig. II, c) is a moderately strong muscle, p(muifi)nn in struc- 
ture, and placed under a strong fascia, whose upper border is thickened into a very strong 
suprascapular ligament; it is larger than the infraspinatus in smaller in Oegdia* 

lotes and MeguAenna; the difieronce betweem tluj two, lu)\s'over, is ^'lU'ysllglit. Meckel 


says the infraspinatus is mueli the larger, because bo included the last muscle together 
with tJie infraspinatus proper under this head; its teiidon crosses tlu* upper part of the 


joint, and is in contact with the synovial membrane in MacrugUmm, the capsule biting 


deficient under it. 


Infraspinatus (I*late XIII. fig. 12, li) is proportionally largest in Fldnologdi an d)adnm 
and ^eoris, being more than twice as large as the supraspinatus. In uo Kj)eci(?s did I find 
any difficulty in separating it from the supraspinatus, although MiccKiifi says tiny ar(' 
scarcely separable ; it is separated from the deltoid by a dec]) layer o(; fjiscjiii, and a 
strong spino-glenoid ligament lies between it and the supraspinatus; its tendon is closely 
applied to the capsule of the slioulder, and is insortod into the greatcj: tulx'i’osity below 
the last. Ill Jfegaderma this muscle is elongated and ];)eniuform, and ovorlapptHl by the 
teres major. 

Teres minor is a beautiful little muscle, whose existence has not been noticed by miy 
anatomist; it lies, under cover of the infraspinatus ; in Fterojms cdidh it was half an iucli 
hmg, and its insertion was a quarter of an incli broad (Tlato Xlll. fig. 12, ?) ; it arises 
ficom.the axillary costa, as usual, for about aline or a line an<l aJialf; its icridouof origiTi 
<a:QSaes. over the triceps longus, becomes fleshy, and is inserted below tJiC! infjnspijiatns 
into ttm greater tuberosity; and its insertion is easily distinguished from that of the last 
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named miisclo, as it is fleshy, while that of the infraspinatus is tendinous. It is propor- 
tionally largest in Flecotus and Woctidina, very small, flat, and thin in Megaderma ; it 
has a fleshy origin in Gej)halotes; in Ggnonptcris it is very short and thick, while it is 
absent in the Pipistrelle, Yespertilio murinus, and ScotopMlus. Meckel says this muscle 
is absent (loo. dt. p. 276) ; I could not determine the nervous supply of this muscle in any 
of the species. 

Teres major is a large muscle and displays nothing remarkable ; its tendon is inserted 
further from the latissimus dorsi than in most animals, being completely below it. It 
is developed in about equal proxmrtion in all, being about three fourths the size of the 
combined siq)ra- and iiifraspinati. 

Subscapularis (Plate XIII. flg. 13, d) is a remarkable muscle, as probably the largest 
subscapulars in tlic animal kingdom are possessed by Bats ; the thickness of this muscle 
is enormous, and it occupies the entire subscapular fossa ; it has a few tendinous septa in 
it, and its tendon is not in contact with the .synovial membrane as Professor IIuMriniy 
has noticed. A separates subscapulo-humorid slip exists in all the larger Pteropine and 
Phyllostomino Bats (Plate XIII, flg. 13, c), 

Coraco-brachialis is a small muscle in all; but Mr. Wood is in error in supposing it 
to be the true coraco-brachialis brevis (Journal of Anat. and Phya. vol. i. p. 62, 18GG}. 
If wo limit that name to the muscle whose insertion is above, or comuseted to the inser- 
tion of the tores major and latissimus dorsi, then in none of the Bats examined is there 
a short coraco-brachialis. It arises from the coracoid process bcnctith the coracoid head 
of the biceps ; its insertion is into the inner side of the humerus, below the latissimus 
and teres tendons. In FleGotm it is inserted into the upper fifth of the bone ; in Myotxti^ 
mimmis its insertion is opposite to the middle of that of the deltoideus acromialis. 
In Ggrnmxjderh it is, as in Gejihalotes, attached to the upper fourth of the humerus. In 
AHihetis it is still shorter, but still plainly not a coraco-brachialis broods. In none is a 
long form of th(^ muscle present. In Sgnotus harhaatelUis, Veq)erugo KMii, and the 
Pq)istrello it is the same as in the V. miirhinn. In Vam])yro2>fi it is slcndei* and much 
larg(‘r, - 1 ) 08 , sing much iurtln.T down the Jiumorus to its insertion, which is opposite tln^ 
upper ])arl; of the middk^ third of thci bone. Iji Macroglomiun it is closely connected to 
the bicc])s at its origin, and its insertion is into a little more tbaii tluj upper third of tlio 
hameriis ; it is laivtly divisible into two parts in this gcnu.s, but they both partake of the 
characters of tlie coraco-brachialis nicdiuy. In no species, even of Fteroj^iis, did I find it 
])ossessing the connecting fibres to tbcj brachialis anticus iiQ^isc:\\:)o(iiia. ‘Fteroj2iisFdwardsii 
by Professor TIujiwuiv’ ; it is very short in MociaUna. CuviEii says it is absent in the 
Bats (Le 9 oiis Orales, i. p. 277 ) ; but Meckel found it and describes it (Comp. Anat. vol. vi. 
p. 281 ). lluMi’jniY found it bqjartitc in Fheropa^, one x>art coming from the biceps 
short head, tbo other from tin.) coracoid process ; these are sepamted by a jplane of 
cellular tissue as in Macroglosmte. In Megaderma the muscle is single, beneath the 
coracoid head of the bice])s, and it lies on the external cutaneous nerve which lies 
between it and the bone ; the insertion is into the second and third sixths of the humerus. 

U 2 
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In MMnolo])Jius diadema the coraco-brachialis is shorter than in any other species. In 
Meutliemra and jE^omopJioms this muscle has its insertion into a tendinous slinj^, such 
as that which Professor Henle figures as the normal method of its insertion in Man 
(Muskellehre, fig. 86), and it occupies the middle third of the humerus ; in this species 
likewise the origin is separated from the origin of the coraco-cutancus by the external 
cutaneous nerve. In Ffero;ptis ediilis this muscle extends halfway down the arm, is 
pierced by the external cutaneous, and from its posterior side it gives an origin to the 
inner head of the triceps. 

Biceps flexor cubiti (Plate XIII. fig. 13,/) always consists of two heads, which arci vcu:y 
separate, at their origins at least ; the internal of these arises from thes extremity of the 
coracoid process, the external from the margin of the glenoid cavity at the foot of that 
process on its outer side : the former of these soon becomes fleshy, forming a wide thick 
upper fleshy part of the muscle ; the latter runs from its origin over the upper part of 
the humerus as a thick hard strap, and becomes fleshy on a lower level than the former. 
Professor Humphut remarks that neither can be called truly glenoidal ; but the sanni 
author has elsewhere remarked that the long head usually springs from that part of the 
glenoid cavity which belongs to the coracoid process. In Gq)halotes Falladi the cora*' 
coid tendon passes further than usual before becoming fleshy, and lies in front of the 
coraco-brjichialis ; the two bellies in this species likewise arc p<ndcctly distinct for tluur 
whole extent, and they are inserted into the radius, the (soracoid being in front of tlui 
other part : in this species the tendon of the long head extemds into the shoulder-joint ; 
the belly in connexion with this head is three times the size of the coracoid belly. In 
Flecotiis the two parts unite iiigh up, and form a very short and very tlvick bc'lly, which 
is very protuberant in the arm under the insertion of the pectoral muscles ; this is only 
one fourth the length of the arm, and its tendon of insertion is twice as long below : in 
the Pipistrelle there is a similar long tendon. In Vcmipyvo])^ the coracoid head is flesliy 
above, and becomes sooner tendinous than the glenoid ; the npper tendon of the latter is 
very thick where it passes over tlic shoulder-joint. In M.acroglossm the coracoid bicej)s 
is one third the size of the glenoid ; they arc nearly equal in Vam'pyvojiH ; and in Artibma 
they are similar, hut proportionally larger than in the last aiamcd. 

In Nbetulina the coracoid is one half the size of the glenoid, and the tendon of 
insertion is very long. The biceps in all is inserted into the ulnar or inner side of the 
radius below its tubercle, a bursa lying under tlic tendon ; tin's tendon is single in Flc- 
cotiiSi Synotus, NoctuUncbi Ves^ertilio, Ve^erugo, and Scotophilus. In no case did I find 
any humeral head, or the slightest trace of any fibres from the humerus into tlio bicc])s 
in any of the nineteen specimens dissected. Tliis is remarkable, as MiscKEL has described 


the biceps in the Bat as arising from the coracoid and tlio humerus, which soon unite 
(Anat. Comp. vol. vi. p. 290); and Professor IIoii’HiiY in the flunalc Fficrojnts found 
sbtne fibres of the brachialis anticus going into the biceps. In jWegafhnna lyra tlie 
cbitoid head is one third of the glenoid. In FJmiologdiits diadema the two arc sopjii'utc 
fot their whole length : in the coracoid the belly is one fourth of the arm, and the tendon 
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three fourths ; in the glenoid the tendon is half the length of the arm and the belly half. 
Except in Bleitthemra and Cephalotes the bursa beneath the long tendon docs not open 
into the shoulder-joint. Professor Humphey describes it correctly in Ptero^us as lying in 
a separate bursal canal and being separate to its insertion. Professor Aeby says that 
in the common Bat the two heads are perfectly fused together (Sibbold & Kollikee’s 
Zoitschrift, x. p. 45). According to this author the biceps is to the brachialis anticus 
in weight as 30'73 : 1*40. 

The brachialis anticus is a Ycry small muscle, so small in Macrofj/hsmes as to be 
scarcely detectable ; it arises from the external side of the humerus, in front of and above 
the musculo-spiral nerve and external to the biceps ; it passes posterior to that muscle 
to be inserted into the ulna. A bursa separates its tendon from that of the biceps. 
Meckel describes this muscle as long and slender. In Fleoofm and the others of the 
Vospertilionuhn it arises from the upper point of triscction of the humerus, and seems 
like a single thread of muscular fibre. Professor IIumpiiey speaks of it as arising from 
the inner side of the humerus just beneath the insertion of the coraco-brachialis, an 
arrangement which I did not sec in any of my specimens of Ptcropine Bats ; in them 
its origin is anterior, and in P. eduUSi though inclining slightly to the imnn' side, yet still 
on a plane, is inclined to the coraco-brachialis. This muscle is largest proportionally in 
the BUnthenim margin atai it is also largo in Grgihalotea, and arises from the front of 
the humerus, commencing below the pectoral ridgo but not near the (joratio-brachialis ; 
its insertion is behind the long head of the bicops. Professor llaMpJiEY fo\md in the 
female Pterogm a band of this muscle going into the biceps, which I did not seo in any 
of my specimens. In Cynonycteris it was exceedingly feeble. 

Triceps longus in PlecoUm arises as usual from the tricipital subglenoid ridge ; it lias 
a single thick upper belly and a long tendon, which is separate from the tendon of the 
rest of the muscle until near its insertion; it is overlain by a tliin dorsl-epitrochleiir 
expansion, more areolar than muscular in structure, but which comes off from tlie 
tendon of tJic latissimus dorsi. In the other Vcspertilloninc Bata the long head is 
double, composed of two perfectly distinct muscles, one of which arises a little uhove the 
other. In Vamjyywjr^ there arc also two scaptihir hoada, whicli very soon coalesce. In 

there are two similai’ long heads, but they do not uuLtc so high up. 

In 'MacrogloHfi-m the origin is single, 'ivide, '^vitii no trace of a <lorsi opitrochloaris, and 
coalesces with iho humeral heads before its inscudion ; it is similai: in Cegihdotes, but in 
Megaderma it is distinctly double, the external being large with a tendinous origin, the 
internal being tendinous and fleshy; they are quite separate to the lowest fifth; no trace 
of a dorsi cpitrochlcav exists in this species. Meckel says that the triceps in the Bat 
has threo heads of the same length; one of these is scapular, two are hume)‘al, arising 
from the n])pcr part of that bone, w'hilc a fourth head arises from the back of the 
humerus lower down. In Pterojmts Professor IIuMriiKY describes finding some fibres 
from th(; ticromion dtdtoid passing into this muscle ; but this arrangement 1 liavc failed 
to find in any species, although in Eleutlicrura and Ptcrojjus they arc closely applied. 
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Professor IIuMriiEY also found some fibres passing into tbc triceps from tlic posterior 
surface of the tendon of the coraco-brachialis (loc. cit. p. 305) ; this likewise I have not 
found, except in the three species of Fteropiis. In Eleuthcfura the triceps has tivo 
scapular heads, of which the external is three times larger than the internal. The long 
head is partly double at its origin in Pteroims eduUs. 

As already mentioned, the only traces of the dorsi cpitrochlcaris exist in tluj A^esper- 
tilionidac ; in all of these it is extremely weak, but it is largest proportionally in the 
Pipistrelle. 

The humeral head of the triceps is single in Megaderma and is external ; indeed Pro- 
fessor Aeby regards it in all Bats as single and with germs of two lateral hoad.s (Sieholt) 
& KOllikee’s Zeitschrift, x. p. 41). In B1molo])hus diadema there is a single long 
external humeral head and a double scapular origin, and no fibres for the lower part of 
the back of the humerus. In Gejphalotes there is a large external humeral origin asetmd- 
ing to the head of the humerus, and a small internal slip separated by the musculo-spiral 
nerve. In Vam^rops the two parts are separate, hut soon coalesce. In the 

humeral triceps is excessively weak and single ; it is the same in the Pi])isirollc, a little 
stronger in Vespertilio murims and the Noctule ; in all the fihrcvS pass down the humerus, 
and are inserted into the extremity of the ulna. In all the species a dctaclied sc^Hainoid 
hone exists in the tendon above the extremity of the ulna, exactly rescanbling a ])at(!lla ; 
this has been long known, having been described by Geatjolm: and GKOEEiuyy llinAlttE 
(“ Sur rexistonce d’un osteide dans le tendon do Textcnscur do ravant-bnia,'’ Non voile 
Bulletin Scient. Philomath, p. 158, 1826). 

.The muBcul^piral nerve winds round tho humerus at its lower fourth, lower in Me- 
gnderma than in any other species,* the ulnar nerve passes along tho brachial artery, then 
passes behind the inner condyle, sending a filameiit to tho little finger, one to the dactylo- 
])atagiLim latus, and two to the hack of the forearm ; this arrangement was easily trace- 
able in JS'octulina. 

The proportion between the flexors and extensoj’s has be(m studied by Profcs.sor Aeby 
of Basel ; he finds the triceps to be 25*05 per cent., the biceps and bradiiidis ;»2*13 (in 
Table \vi. p. 8G ho has misplaced these numhers; but this is as they slioiild be from his 
data, p. 85). 

'Idle muscles of the forearm are singularly beautiful and well deserve a careful study j 
tlic flexors me inferior in strength to the extensors in the forearm ; but this is exactly 
made up by the preponderance of short flexors in the nianus, which render thc.se group.s 
of muscle nearly equal ; the motions which they produce are simple flexion and cxtoiision 
in a single plane : rotation of any kind is not permissible in the clbow^- or wiist“joijU.s ; as 
the latter is only a single forearm bone, its possibilities of motions arc thei’oby .simplified, 
lie usual four groups of muscles, supinator, pronator, flexor, extensor, are represented 
m general as follows : — 

Pronator radii teres (Plate XIV. figs. 1, h, Sc 5, d) is said by Cuvnsn to b() ubsmit, as 
l-fce pronator quadratua and the supinators (Legons, i. p, 298). AlBOjciiL admits 
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the presence of this muscle, hut denies the existence of a supinator longus ; this muscle 
arises from the inner condyle and is inserted into the upper fourth of the anterior and 
internal aspect of the radius ; its origin is tendinous, the main body and insertion are 
fleshy ; this is its arrangement in Megademia, Bhinolojghm^ Fterogms, and Maoroglossus : 
it occupies only one fifth in the Vesjgertilio murinus ; this accords with Meckel’s descrip- 
tion : it covers one third fully in YmniyyrojgSf Pteropus Mlwardm, Ce^lialotcs^ Plecotus, 
Synotiis, and JYoGtulhia, about two fifths in the Pipistrelle. In all it overlies the median 
nerve which supplies it ; in none has it an ulnar or radial origin. The insertion is into 
an oblique ridge on the radius. This muscle can only act as a feeble flexor of the elbow. 

Pronator qiiadratus is absent in all. 

Supinator radii longus (Plato XIV. fig. 5, <?), whose existence was first demonstrated 
by Humphry, exists in all except the Nootulim and Pipistrelle. It arises above all the 
other ecto-condylar muscles, and s(q)aratos from them iimncdiatcly below the mixsculo- 
spiral groove, and is inserted either into the external and anterior surface of the radius 
immediately opposite those of the last-described muscle, or else into the integument of 
the front of the forearm. In Plecotus the insertion is into the upper fourth of the radius ; 
in Cq)halotos, in which it arises higher than in any other species, the insertion is into the 
upper point of tiisection of the forearm ; the origin is higher in Mamvglmma tlian in 
Vampyrop<% but lower than in tbo last. In Ifcgadonm is a distinct flue band, which is 
inserted into the rippcrmost part of (luadriscction of the radius. In Mleut/iarura it has 
no bony attachment. This muscle can only act as a simple flexor, as Aeuy has pointed 
out (I 0. p. 46) ; it is supplied by a twig from the large musculo-spiral nerve which lies in 
front of it. The external cutaneous nerve crosses it, having passed over or unchu* (never 
through, excei)t in P. edulis) the coraco-brachialis muscle and behind the biceps ; it is 
then distributed to the propatagium. 

Supinator brevis is a thick simple muscle, in all arising from tim outer condyh'' and 
inserted into the upper fifth of the radius; it is beneath and comu^cted to die otlier 
extensor muscles; its fibres I'lin vevticsilly downwards suid u little fbrw;u’ds to b(^ inserted 
above those of the supinator longus, nearly op|)osite to tJiose of the pronator ton's ; no 
nerve pierces this muscle, as tboro is no posterior inU'rosseal branch from the inusculo- 
spiral nerve in any Bat whidi I have examined. 

From the external condyle I have seen a few fibres arising in YmnpjropHimd passing 
into the skin of the plagiopaiagium ; these ai'o very short, and resemble the humero- 
cutaneus described before. Kolekati, in describing the forearm-musc3.es, says of them, 
“ schicken von ihren Kopfen Muskelfasern zu den Bactylopatagicn possibly it may be 
some band like these that he refers to, but these go to the plagiopatagium. No other 
author alludes to them ; I found them also in Plecotus, in which they extended for 


the upper sixth of the forearm. 

Flexor carpi radialis (Plate XIV. figs. 1, c, Sc 3, a) is the second most anterior muscle 
j&rom the inner condyle ; its origin is conjoint with tho pronator, but it soon becomes 
separate, and ends in a tendon which runs to the pollicoal side of the wrist. In Macrch 
glossus its insertion is into the scapho-lunar bone, into the trapezium, and into the base 
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of the second metacarpal ; of these three the trapezial slips come off first from the outer 
edge of the tendon, then the remaining part bifurcates ; the tendon for the scapho-lunar 
bone is the largest. In Vampyrqps its insertion is purely into the trapezium ; in Ple- 
cotus it is purely into the second metacarpal ; in the Pipistrelle it seems lost on the carpus ; 
it is absent in NoctuUna ; attached by a single insertion in Pteropus Edtvardsii to the ulnar 
side of base of the metacarpal of the index, according to Professor PIumphiit; it has a 
single tendon to the scapho-lunar bone in Ce^halotes^ to the base of the index metacarpal 
in Megaderma. In Artiheus it is single and simple. 

Plexor carpi ulnaris (Plate XIV. figs. 1, & 3, /^) arises principally from the subole- 

cranon part of the ulna, but generally receives a small slip from the inner condyle ; these 
two heads present the usual relation to the ulnar nerve which separate them. Cuviee says 
this muscle arises from the common fleshy mass at the condyle, a description which will 
be seen to be erroneous in almost every species. In Noctulina this muscle, however, has 
no olecranon origin ; it continues fleshy longer than most of the other flexors, and is 
inserted in Noctulina into the transverse process of the os magnum ; the ulnar nerv^e is 
internal to its origin, then gets under it and is external for its whole length. In Macro- 
glomis minimus its insertion is threefold, into the transverse process of the os magnum, 
to the base of the fourth and fifth metacarpals, and by a narrow thread which detached 
itself high up into the origin of the abductor minimi digiti. Cuviee describes it as 
inserted into tho first phalanx of the fifth digit ; I did not find this mode of insertion in 
any spccimciii. In Pt.ero]}us Pdwardm Humpiiey only found a single tendon inserted 
into the distal margin of the transverse process of the os magnum opposite tho interval 
between the third and fourth metacarpals ; in Pt. cdnlis it was much the same, and tho 
muscle was large and fleshy. In Cephalotes it ]i.as an origin from the supraolecranon 
sesamoid bone, and is inserted into the fourth and fiftlr metacarpals and into the abductor 
minimi digiti. Plecof/tts has this muscle also attached to the fifth metacarpal. In Tam- 
gygrops and 3fegadenna it arises solely from the olecranon; in Jirtiheiis it is also ulnar; 
in Cynonijcteris its origni is condylo-nlnar; in Yampgro'^s it has a -wide, apparently 
double tendon of insertion into the os magnum and the fifth metacarpal ; in Megaderma 
it has a small round ossicle in its tendon in th(^ palm attached to the os magnum and to 
the bases of the fourth and fifth metacarpal bones ; from this ossicle the fourth and fifth 
finger interossei arise. 

Professor Humphet describes two flexor muscles for the digits ; one of these he calls 
flexor sublimis digitorum, the other flexor profundus. A careful study of these two 
muscles in the whole series does not bear out the first part of this recognition: the 
so-called superficial flexor is really a palmaris, as will be seen from the nature of its 
insertion ; the deep flexor is a combined flexor profundus digitorum and flexor pollicis. 

In Yampyrops the palmaris arises from the internal condyle and from the upper part 
of. the. radius; it soon becomes tendinous, and passing superficial to tho other parts at the 
■wist, , it is. inserted, by two flat slips, into the metacarpal bone of the pollex, one at either 
side ; ,a third equally flat band is attached to the metacarpal bone of the index, and a 
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fourth to that of the middle finger ; none of these extend beyond the bases of the meta- 
carpals : the muscle as well as the tendon is superficial. In Macroglosms minimus its 
principal origin is radial, and its insertion is by two tendons, one into the base of the 
pollex metacarpal, and one which stretches to the base of the first phalanx of the index. 
Professor Humphry found in Pteroggus Edwardsii that one tendon, of this muscle was 
inserted into the sesamoid bone on the ulnar side of the metacarpo-phalangeal joint of 
the pollex, and the other had a slight attachment to the metacarpal bone of the index, 
and was continued on to the base of the second phalanx of that digit. In Pterojpus 
edulis it is also simply metacarpal in its insertion, and sends no distinct slip to any of 
the phalanges. In Plecotm this muscle is of extreme tenuity, and is inserted into the 
metacarpal bones of the pollex and index ; in the Pipistrelle it goes to the first phalanx 
of the middle and fourth fingers. In CepJialotes it springs from the inner condyle, and 
its tendon is flattened over the rest at the wrist to be inserted into the metacarpal bones 
of the pollex and index. In Plimologghus ^eons and diadema its insertion is threefold, 
into the pollex, medius, and index ; the slip to the index is very thin, the origin is super- 
ficial, and the fleshy portion very short. In Megadmm it is slender, and its tendon is 
tightly tied to the next ; its muscle is deep, arising from the radius ; its insertion is into 
the thumb, index, and middle fingers, at their metacarpo-phalangeal articulations : the 
tendons in all are flat, superficial, and in the last especially they arc lost in the fascia 
and are not attached to bone. In Artiheus the arrangement is as in Vamgyyrop ; in 
Cynonycteris it is attached as in Gephalotes (Plate XIV. figs. 1 , 2, & 8, 

Taking together the flatness and fascial connexion, the metacarpal insortioiisand supen- 
ficiality at the wrist, where this tendon runs in a separate sheath mider a thin band of 
fibrous tissue, but over the main body of the annular ligament, all these together seem 
to indicate that it is a palmaris, not a flexor sublimis. The existence of a pollicoal slip 
is not what we might expect in a flexor sublimis. In NoctuUna this muscle is absent 
altogether. 

Plexor digitorum communis (Plate XIV. figs. 1, d^ 2, 4, 3, g^ 8c 5, e) (profundus of Hum- 
phry) in Woofmlma arises from the inner condyle, firom th(^ upper third of the radius, 
and is inserted into the base of the first pluilanx of tire pollex, into the second phalanx 
of the medius, and the origin of the interosseous muscle for the polliceal side of the ring- 
finger. In Pteroggus Edwardsii and medius it arises from the inner condyle, from the 
radius and ulna; it passes under a strong arch at the wrist to be inserted into the last 
phalanx of the pollex, into the index and middle fingers at their last phalanges ; the 
tendon to the middle finger in the female Pterofus Edwarddi became fleshy for a con- 
siderable part of its extent (Humphry). In Pt. edulis it was as in the other species, 
but no part of the tendon became fleshy. 

This is the only long flexor muscle of the digits present in most of the Vespertilionine 
Bats, as Professor Aeby describes (1. c. p. 66). In Vamjyyrops it arises from the condyle, 
upper third of the radius and ulna ; its tendon passes under the transverse process of the 
os magnum, and is inserted into the pollex and medius, extending to the terminal 

mdccclxzii. X 
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phalanges of each. In Macroglossus minimus it is inserted into the pollex and index, and 
by a fine thread forming the origin of the poUiceal interosseous of the middle finger. In 
Plecotus it is also inserted into the pollex and index. In Vesjgerugo and yespcrtilio it is 
similar. In Ge^halotes its origin is as in Vampyrops, and its insertion as in Macroglossus. 
In Megadetma its origin is merely condylo-radial, and the insertion by three tendons 
into pollex, medius, and ring, the last tendon being very feeble ; it is the same in lih. 
speoris and diadema, only the ring tendon goes to the radial interosseous of that digit. 
CuviEB says this muscle has five slips to the five fingers, Meckel says tour ; both of 
which statements are incorrect, as will be seen. In ArUheus ja/maicGnsis its origin is 
from the humerus, radius, and ulna, and its insertion into the pollex and medius. In 
Gynonycteris ampleosicaudatus it is very similar to the arrangement in Ceplialotes, 

In the left forearm of my specimen of Vampyrops vittaius I found a special flexor 
annularis, as a small thread of muscle ending in a slender tendon which passed to the 
last phalanx of the ring-finger ; it was only found in this specimen and in the Cephalotes^ 
and seemed lilic; a detaclied slip of the flexor profundus digitorum. 

Extensor carpi radialis longior (Plate XIV. fig. 4, j) is separate in all except Plecotus, 
BmtopMlus, and the Pipistrelle ; in the others it had a perfectly simple and normal course, 
and was inserted into the base of the second metacarpal bone ; it is tlio smaller of the 
two, and of course the more superficial ; the radial nerve lies in front of it. 

Extensor carpi radialis breviov (Plate XIV. fig. 4, /r)is equally constant and has its normal 
insertion, I found no sign in any species of the extension of accessory slips from this 
tendon to the fourth and fifth metju'aipal bones, like tliosc described by Professor Hum- 
piiby; so I srqrpose that they also siiould be considered as muscular anomiilies, (‘specially 
as it wjis only in one of his spcciiru^ns (mahi) tliat ho Ibuiid them. Mi-HaiiiL dt^scnl)os 
this muscle as inserted into t!i(' tlin'o outermost metacarpal bones, but I found no fibres 
in any species extending to the polliccal niota.carj)al. 

Extensor carpi ulnaris (l.'lato XIV. fig. 4, a) is a vea’y small muscl(^ when present, and 
I missed it in the smaller Vcspertilioninc s])ecinieus. Xu Megodenm and lUmiohphv^ it 
is extremely small; it is in all principally ulnar in its origin, (mtirely so in Noctnh'nn, 
condylo-ulnai’ in the others ; it is inserted into the fifth metacarpal in most, into the fouri li 
and fifth in Nootulim, into the same bones in Artiheus and in Gynonycteris, extending 


to the first phalanx in Ceplialotes; it is purely metacarpal in insertion in M am'oghssns. 

Extensor oasis metacavpi pollicis (Plate XIV. fig. 4,/) is cemstant in all the Chiviroptora. 
and displays no remarkable feature, arising high upon the back of the foroarni from 
the ulna and radius ; its tendon passes, as usual, over the radial extensors of the carpus, 
and in most of the species is inserted into the base of the metacarpal bone of the pollex 
sirhply, A sesamoid bone exists in almost every species at the lower end of the tendon 
^here it lies, on the wrist-joint. In Ceplialotes it rises as high as the elbow-joint, to ibo 
eitexnjil .ligament of which some of its fibres are attached. In M.egadmna it has a 
large: radi^ Attachment. I found no special insertion into the radial extremity of the 
trafisvefsa; pi^O^s .of the os magnum in any species; but in some of the large ones, as 
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Ptero]^us edulis^ a fibrous band connected the sesamoid bone to it ; still in these, as in 
the others, the main insertion is into the pollex metacarpal. The sesamoid bone is very 
large in some of the species, and has a distinct articular facet for the scapho-lunar in 
Eleutherura : I did not find it in Scoto^Mlus hesperits ; but the parts are so small that I 
may have easily missed it (Cuviee says of this muscle that it crosses the extensor carpi 
ulnaris at the wrist ,* but this is obviously an error). 

« 

Extensor secundi internodii pollicis arises from the back of the radius at its lower 
half ; it crosses the radial extensors at the wrist, and is inserted as usual. In Vmypy- 
ro;ps I missed it in the left arm, but found it in the right. In Megaderma it springs 
from the olecranon, but it is very large in EJdnolopkus dladema. In all the other 
specimens it is normal and large. 

Extensor indicis is a separate muscle in all but Megad&mna and CejdialoteSt in which 
it is joined to the extensor digitorum; it arises from the radius and is inserted into the 
last phalanx of the index, but only into the metacarpal bone in Megadcrma. The exist- 
ence of this muscle was not recognized by Meceel or Cuviee, and Aeby says that he 
failed to find it in the Bat (loc. cit. p. CO). 

In Macroglosms mhmms I found this muscle replaced by an extensor of the pollex 
and index, similar to the muscle which exists in the Dog, h^ox, Panther, and Wolf. 
It arose below the extensor ossis metacarpi pollicis, and was inserted into the first 
phalanges of the pollex and index. In Ognongeterw and JHeoofm I found a corresponding 
muscle coexisting with the extensor indicis and the oxtemsor secundi internodii pollicis, 
but I have not found it in any other species. 

Extensor digitorum commiuiis arises from the outer condyle of the humerus as well 
as from the radius ; it passes along the ulnar side of tlie forearm, and at the wrist projects 
to the ulnar side ; it ends in three tendons, which pass to the throe ulnar fingers. In 
Megaderma the tendon for the second finger is very weak ; in Cephalotes the extensor 
indicis is slightly joined to it ; the union is more close in Megaderma. Cuviee describes 
this muscle sis inserted, into the last phalanges of all the fingers, but in none does this 
muscle proper send a tendon to tln^ index. As nil tlie tendons cross on the ulnar side 
of the wrist, that for the; middle fingc]’ crosses the bade of the fifth, fourth, and tJiird 
metacarpals, that for the fourth crosses the fifth and fourth, and so on. 

The muscles of the raanus arc as follows. Eor tlui ])o]lcx 1 liave found: — 

1st. An ahductor pollicis (Plato XIV. fig. 5, g), from the scapho-lunar to tire base of 
the first phalanx of the pollex ; on its outer side this is present in Macroglosms, Pterojgus, 
Noctulma, Megadenm, and the other larger Bats. 

2nd. Opponens pollicis, arising from the ti’ape/ium and scapho-lunar bones, inserted 
into the metacarpal bone of the pollex ; this I. have only found in NoctvMna and Macro- 
glossus, 

3rd. Flexor pollicis brevis radialis, from the scapho-lunar bone and from the radial 
side of the os magnum to the base of the radial side of the first phalanx of pollex ; it is 
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present in all the species, and is large in Noctidim, CejpJialotes, Megadema^ and Eleu- 
therura: this muscle is always separate from the foregoing. 

4th, Flexor pollicis brevis ulnaris, from the os magnum to the ulnar side of the first 
phalanx, is also always present. 

6th. An adductor pollicis is present in Maoroglosms and Megaderma as a small trans- 
verse bundle from the second metacarpal to the base of the first phalanx of the pollex. 

For the little finger there are in nearly all Bats the following muscles : — 1st. Abductor 
from the unciform ; in Megaderma it arises from the palmar ossicle, and in Macroglossus 
and Cegghalotes from a thread of the tendon of the flexor carpi ulnaris ; it is inserted 
into the first phalanx of the little finger. 2nd. Opponens minimi digiti is very small 
and rudimental in Macroglossus^ absent in most of the others, and existed in that species 
as a thin filament from the carpus to the metacarpal bone. 3rd. Flexor brevis minimi 
digiti is the radial interosseous muscle for this digit : its origin is peculiar ; it springs 
from the extremity of the transverse process of the os magnum, it lies superficial to the 
origins of the other interossei muscles and to the tendon of the fiexor profundus 
digi'jorum ot pollicis under cover of the palmaius longus, and it is inserted into each side 
of the second phalanx by a split tendon. 

For the indcx-lingor there is an opponens, or a metacarpal fiexor, in NoduUna ; tiiero 
are in the others two interossei prosemt. 

For the middle finger there are also two interossei ; one of those in Macroglossus^ as 
ulreiidy describcid, arises from the flexor digitorum tendon, the other arises from the os 
magnum and trapezoidole. In NoduUna these two muscles ar(' coiubiimd, but the 
tendon is double ; in the same species this muscle arises in common ivitli the iiitor- 
ossoous for the ring-fiiigor, whicli is also single, as it is in all the species, but has a doiibh' 
tendon. Tlicro arc no anconci muscles in the ibroarm, nor is there any palmaris hrevis 
ill the hand. The thumb-muscles are supplemented in their action by the occipito- 
pollicalis above described. 

Muscles of the Abdomen, 

Both in males and females the abdominal wall-muscles are very thin, and invested by 
a strong elastic layer of fascia, which lays immediately under the skin ; from tliis arises the 
pectoralis quartus, and under it is the external oblique, which arises from the five or six 
lower ribs, indigitating with the serratus magnus ; it soon becomes tendinous, and is 
inserted over the rectus, into the linea alba ; its lower border forms a strong Foupart’s 


’ The internal oblique and transversalis combined form one inseparable muscle (except 
VO, ptefrapus^ in which they are for the upper half of the abdomen perfectly separable), 

, which underlies the last, and passes behiud the rectus. Its origin is from the lumbar 
fesoia and ilium, and apparently from the lower margin of the lowest rib ; its insertion 
^the ,;l|nea alba ; none of its fibres go in front of the rectus. For the lower 
autoi f abdomen these muscles are very thin and fascial in nature. Piercing its 
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lowest border is tlie spermatic cord, which appears to pass under, not over, Poupart’ 
ligament ; but of this I am not sure. 

Rectus abdominis is the largest of the abdominal muscles, and is placed between th 
two before mentioned ; it arises from the pubis by a narrow fleshy head, rapidly widen 
and ascends to be inserted into the first rib in Fteroj)us, Macroglossm, Plecotus^ Ce^halotet 
Eleutherura, Cynonycteris ; into the fourth, fifth, and sixth ribs in Yam;pyro]ys vittatus 
into the third, fourth, fifth, sixth, and seventh rib-cartilages in Artibeus, In the female 
a space intervened between the two recti above the pubis. Humphry [Iog. oit. p. 302) an^ 
Meckel say that no tendinous intersections exist in this muscle ; but in Ftero^us there i 
a complete intersection under the origin of the pectoral is quartus about half an iiic 
below the ensiform cartilage. In Gejyhalotes there is one well-marked linea transvers 
immediately below the ensiform cartilage. In Eleuthemra there is one partial line i 
this position, and a complete one a quarter of an inch above. 

Meckel describes this muscle as being inserted into the ensiform cartilage, into th 
cartilages of the fifth and sixth xibs, and says that they send a wide straight slip to th 
humerus ; here he has evidently fallen into the mistake of regarding the pectoral 
quartus as being connected with this muscle ; in no species is it connected to the ens 


form cartilage. 


Pyi-aniidalis is vej’y thin and small, only present in the large Ptoropine Bats, 
states that it is absent, and, indeed, it is indetoctable in the smalhu: species. 


Mecki 

Profc8S( 


ilcMi'intv and I have found it very strong in Ftorojp%is Edioarddi and - aduUs, its low< 
fibres being nciarJy transverse in the female. 

The diaphragm has a wide costo-xiphoid deficiency in Cexjhaloies^ and is closely attache 
to the liver by a wide coronary ligament. The crura are very large, especially in Meg 
denm] the muscular fibres are long, the tendon in the centre small, Cuvier notices tl 
great size of the crura, which are placed like a vertical fleshy septum in the abdome 
In Fterojgm edulk this is especially the case. 


Ciuadratus liimborum is not absent as Cuvier supposes, but is long and thin, co: 
sisting of two sets of fibres, ilio-ciostal and ilio-lunibar ; the latter, as usual, iiitornal ar 
larger ; there arc no lumbo-costal fibr(5S ; tlie second set pass to the three upper lumbi 
vertobree in Megadcnna. In none of the other species does this muscle present ai; 
features of interest. 


Psoas parvus is present in all, and generally large, as Cuvier remarks (Lemons, i. p. 349 
Meckel also notices its presence, and gives as its origin the first lumbar vertebra. I 
NocMina it has a short muscular part and a long tendon. In Cejphalotes it is muc 
larger. In Megaderma it is very thick, short, and fieshy for its whole extent. Ii 
insertion in all is into the prominent spine of the pubis. In all its origin is limited t 
one or two vertebrae ; PIumpiiry gives two or three dorsal and fhe same number c 
lumbars, and says some fibres are continuous into the pectineus. I was, however, abl 
with care to separate it from this muscle in all my specimens. 
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Muscles of the Lower lAmhs. 

The position of the parts in these limbs is so remarkable that a brief review of the 
arrangement is necessary before dcsciibing the muscles. The variation in position from 
the usual disposition of hind limbs in Mammalia may be described as twofold. 1st, 
the limbs instead of having suffered a rotation forwards from their embryonic position, 
have been rotated backwards, and this has caused the following pcdiliaiitics : the knee- 
joints are directed backwaids and outwards, the tibial side of the leg inclines outwards 
and forwards, the fibular side inwards, the plantar surface of the foot is directed forwards, 
the outside of the femur is directed backwards and a little inwards, the adductor asi)oct 
of that bone looks forwards and outwards ; of its two tuberosities the lessor or tibial is 
external and anterior, the greater or fibular is internal and ])osteiior; the head of the 
fibula is defective. This remarkable disposition of pai’ts, it will bo seen, is precisely 
similar to the usual arrangement in the fore limb, and the guides to homologies derived 
from it are of extreme value. With the knee in the position of the elbow, the ulna and 
fibula, radius and tibia arc thrown into precisely similar positions ; so arc the great too 


and the pollex, the external condjrle (humerus) and the inn( r condyh' (femur), and vice 
versd, the great trochanter and the lesser humeral tuberosity, the lessor tvocliuntev and 
the greater tuberosity. Thus the system of homoloi>ics which GooDsnt pr'oposc'd, and 
which after him has boon supported by lltr.VLKV, Mivaut, and I Iumi‘Jjiu, r(}C(‘ivoi3 

an immense support from this arrangenumt. 


The second peculiarity in the hindliiubs of the Cheiro])tera is the poHition of the* pelvis. 


The ala of the ilium is cvoitod, m that ilio iliac fossa is anterior and external, the ilia 


rod-like, the pubes and ischia project forwards, and the lower outlet looks forwards. 

From these peculiarities in position it can easily ho understood that the hind-limb 
muscles in some respects depart from the usual mammalian positions in some respects, 
as will be seen hereafter. 


Psoas magnus is a largo muscle arising from the three uppermost lumbar vertebrso 
except the first in Cephalotes, from the lumbar vertebrse, sacrum, and side of the ilium 
in Megaimna, from the vertebree and margin of the ilium in Cj/nongeteris. In Artiheus 
the muscle arises as in Megaderrm^ in Fterojgus edulis it is attached to the lower lumbar 
vertebra only. Professor IIum'pi in y describes it in 1 lis spccim cn of Lt. Edwarddi as arising 
from the lumbar vertebree external to the psoas parvus, from the front of the sacrum and 
from the ilium, passing under the pubic spine to the anterior trochanter of the femur, 
Meckel says its origin is from all the lumbar vertebras ; and Ouviee, strangely enough, 
states that this muscle does not exist (Lemons, i. p. 359). 

(Jduteus maximus (Plate XIV. fig. 14, h) is triangular and flat ; it arises from the poste- 


^ of the crest of the ilium and sacral spines in Fteropus Edwardsii and in Mega* 

feom the sacrum alone in P. edulis, from the sacrum and first caudal vertebra in 


IS'octuUm, from the saijrum in Cephaloles, from the ilium and sacrum in Artiheus, from 
the sacrum aud upper two caudal vortebrse in Cynonyct&ris] it is inserted into the upper 
half of the thigh in N'oetulina, the upper third in Megaderma mdMhinolo^ghus as well as 
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in Cynonycteris, to less than the upper third in Ftero])its^ more than half in Macroglosma 
and Meutlierum. 

Gluteus medius (Plate XIV. fig. 10, a) is the usual thick external pelvic muscle, and 
occupies in all the outer side of the ilium. In Flecotiis it is short and thick, in the 
Pipistrelle it is long and narrow, much thinner in Ftero^puSy triangular in Artiheus^ and 
very thick in Cynonycteris ; its insertion in all is into the posterior trochanter. Meckel 
describes it as a small muscle ; but it is larger than the gluteus maximus ; the gluteus 
minimus is absent in all, as Meckel remarks ; Cuviek mistook the iliacus for it. 

Gluteus quartus (Plate XIV. fig. 10, c) exists as a separate marginal muscle in the 
Pipistrelle, in the Vampyre, Megaderma, and Bhmolojghis. None is present in ^Noctu- 
Una, Plecotus, Cephalotes ; where it exists it passes from the margin of the ilium in 
front of the gluteus medius, and is inserted in front of the external trochanter. 

Pyriformis (Plate XIV. fig. 13, oj is not a distinct muscle in Yanypyro'ps, Cejghcilotcs, 
and Woctulina, but in Megaderma and BlmUierura it exists as a separate muscular band 
above the sciatic nerve ; it is the same in lihkwloyihus, and partly separate at its origin 
in the Kiodote. Cuvier says it is absent (L('gons, i. p. 369) ; Meckel confounds the 
next muscle with this. In Artlheus it is united to the gluteus. 

Caudo-femoralis (Plato XIV. fig. 10, <?,/) (gubernator caudie, IlAuaiiTOK) is a muscle 
which passes from the first caudal vertebra to the external part of the upper point of 
trisection of the femur ; it is thick and strong in FlecofjU,% absent in the Pipistrelle, 
double in Vam/[)yro])s, crossing the insertion of the gluteus medius. lU the Noctule it 
arises under the extensoros caudte from the first and second caudal Yt.a’tcb,ne, and is 
inserted into the upper two fifths of the outside of tho’low(‘>r border of tlu’. tciuur, lyiog 
over the tendon of the gluteus maximus. In Oephnlotes it is small, thick at its origin, 
and inserted into the middle of the femur. In Megaderma it is very hirge, and s))]'higs 
from the sacrum and two caudal yertebrse. It is double and birgost of all in 
diadema', it is also double but smaller in .'Macroglofiau'^. Mj^oivEi. takes this to be tlici 
pyriformis; but it is(]uitc soi)!uat(.‘, and has the saiiL'^ relation to tlio pyriformis that the 
latissimus dorsi boars to the teres rnaior. 

Quadratusfemoris (Plato XIV. iig. .12, h) is perfectly dlslbict in all the species, arising 
below the obturator muscle and passing from tlio tuber iscbii to the Ji’oot of tJie great 
trochanter. It is small in Noctalma, larger in Cejihalotes and Macroglossus. Cuvier 
says it does not exist. 


Iliacus internus (Plate XIV. figs. 7~9, d, 10, h, 11, a) is a very remarkable muscle, 
having a purely external origin, springing from the. outside of the ilium close to the crest, 
external to the psoas, and separated from the gluteus medius by the extensor cruris ; 
it' is inserted into the anterior trochanter; it is parallel to the psoas in general, very 
small in Megaderma, Cuvier says it is absent (Leyons, i, p. 367). It is exceedingly 
constant, and exhibits no other features of interest in any species. 

Gracilis (Plate XIV. fig. 7, e) is the largest of the internal or anterior femoral muscles, 
and has usually a wide origin ; in Megaderma it overlies the adductors and arises from the 
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whole of the margin of the pubis and ischium ; it very soon becomes tendinous, and. is 
inserted into the anterior aspect of the tibia two lines below the head. In PlecottiS and 
Vesperugo it is the same. In NootuUm it is larger and with longer fibres, and inserted 
one eighth below the head of the tibia. In Gephalotes it is smaller, springing from the 
ilio-pectineal line, and inserted as usual; in this animal (Plate XIY. fig. 11, h) there 
is a separate slip of this muscle which springs from the pectineal point to be inserted 
along with the rest of the muscle ; at its origin it lies between the gracilis and the pec^ 
tineus, and is superficial to the last : possibly this slip might represent the sartorius ; if 
we take into account that in some Artiodactyls and Edentates this muscle undoubtedly 
does afise from the pectineal eminence, it gives some colour to the supposition. If this 
be not the sartorius there is then no trace of that muscle in the entire series ; this is the 
case also regarding the tensor vaginae femoris, of which no Bat shows the slightest trace. 
The tendon of the gracilis in no species joins inseparably that of the hamstring, but, as 
Humphet found in his individuals of Pteropus JEdwardsn, there is in the three species 
of this genus a slight adhesion. Cuviee groups this muscle and the hamstrings together 
as a bicipital single muscle. 

Pectineus (Plate XIV. fig. 8, i) lies under the gracilis, or posterior to it ; it arises 
from the horizontal ramus of the pubis, and is rounded at first (Humphet) ; its insertion 
is immediately below the tendons of the psoas and iliacus. In Nodulma it is higher up 
than in most of the others, not covered, only overlapped by the gracilis ; it is very sniall 
in M('(fadeYma.\iu'^Qr in MaoroghmKs. Ind^iei'ojyai^ (‘duUa it is (‘xcessivdy small, indecid 
least of all ; in AH'thms it is largest, in OtjnO'rvgaUnH intermediate in size. 

In the Pipistrelle there is but one adductor, as m PUcotus, Vampywps^ Synofm; this 
arises from the pubis and ischium between the last and the obturator extrunus ; its 
insertion is into the anterior part of the thigh, below the pectineus for a varying extent. 
This muscle is bilaminar in Pteropus JEdioardm, very faintly so in edulis ; the upper part 
or adductor brevis is small, the lower or magnus extends three fourths down the bone. 
In Noctulina it is much the same, the fibres extending for the upper half of the femur. 
In Cephalotes and Macroglossus (Plate XIV. fig. 8, jf, 7c) the muscle is bilaminar also, 
and extends to the same distance ; and this is the case in Megadorma ^ind Pdenfdienira. 
Meckel and Cuviee only recognize a single adductor, which they say only extends to 
one third (Cuviee) or one half (Meckel) of the thigh. Humphet conjectures that the 
pectineus may contain in it the germ of the adductor longus. An upper part of this 
muscle Humphet supposes might be a quadratus femoris, and an external part separated 
by the sciatic nerve he supposes might .be a biceps ; but there scarcely exists any anato- 
mical ground for this division. 

The biceps muscle is absent in all the Bats, as noticed by all anatomists. 

. Obturator externus (Plate XIV. fig. 9, m) arises from the outside of the obturator 
fpfirpeh, winds round as usual, and is inserted into the trochanteric fossa; it is square 
i^^ampyropa^ triangular in NoctuUna and Cephalotes^ very small and in two bands in 
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There is no obturator interims, except in Megaderma, in which a few fibres of the 
gemellus extend to the inner side of the obturator membrane. 

Gemellus exists, in Fterojms, Megaderma, and Yamggyro;^^, as a band of fibres from 
the tuber ischii to the trochanter above the obturator externus ; it is absent in the other 


genera. 


Kectus femoris (Plate XIV. fig. 13, d) has a single iliac head vaMeiithcnira, has two, 
as usual, in Noctulma, Vampyrojgs, Cejglialotes, Macrogloasus, Megaderma, in the last of 
which it is largest of all proportionally; it joins the rest of the extensor at the middle 
third of the thigh, and is inserted with it. 

Extensor cruris femoralis (crurinus, Plate XIV. hg. 13, e) is but a single band in all 
the Bats, which arises from the upper fourth of the femur, and joins the last to be 
inserted into the tubercle of the tibia ; the tendon crosses the knee, but has no patella 
in it. This muscle is largest in Megaderma, in which there is an obscure sign of a 
division. 

Seraitendinosus (Plate XIV. fig. 14,/') is the most posterior and internal of the two 
hamstrings ; it arises from the back of the tuber ischii, and is inserted separately below 
and behind the semimembranosus. In Cei)lialotes it is small, and has a caudal origin ; 
it has a long tendinous origin and a longer tendinous insertion in Megaderma. In 
Fterogms it has a caudal origin and is penniform ; but in none does it present the curious 
inscription found in the higher Primates. 

Semimembranosus (Plate XIV. fig. 14, g) in Ffooimlina is once and a third larger than 
the last-named ; its insertion is above and in front of the last ; its origin is also ischiatic, 
and it is larger than the last in Ceplmlotes and Floutliemra, In MImolojjhm these 
two muscles, though double at origin, have only a single insertion ; and in Megaderma 
the semimembranosus is either absent or fused with the gracilis. In Ft&rojgus its inser- 
tion is slightly joined to that of the gracilis, and its origin is purely ischiatic. 

The leg-muscles are in the smaller Bats exceedingly small and difficult to be separated ; 
the flexor aspect is directed f(u*u’ard.s, and there is no trac(^ of i)oplit(‘us, solcuis, or plantaris 
in any, with one exception, viz. on the back of the knee in Vainggi'oim I found a few 
ohlupic fibres like a j'udimental poplitcua (Plate XIV. fig. 1.7, h). MiiCJCJiU says there is 
a soleus, hiit this is an obvious niistalvc*. The gastrocnemius is a very delicate muscle 
with two heads, except .in Mcgaderhia (w-hich has only an inner head) ; these arc from 
either condyle, and the externa.1 head, or that from tlie tihial condyle, has a sesamoid 
bone (Plate XIV. fig. 1C, c) in most species except Noctulina. This muscle lies at the 
inner part of the leg, has a long tendon, and ends in the os calcis. 

The digital flexors are two in number as usual. The flexor digitorum longus arises 
from the upper part of the back of the tibia ; it passes down the outside of the leg, and 
is crossed by the tendon of the tibialis posticus ; having passed the os calcis, it is joined 
by the next muscle : it is small in Cej)halotes, still smaller in Megaderma, largest in 
Bleutlierura. 

Plexor hallucis longus arises from the fibula for its whole length, and from the slender 
MDCCCLXXII. T 
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fibrous thread above the summit of that hone (which is not complete up to the laicc) ; 
it meets the last muscle at the ankle, and the two tendons fuse. In jVoctulma they are 
equally distributed to the five toes. In Maaroglomis this muscle supplies the entire t)f 
the great toe, sends a fine thread to the fifth, forms fully half the tendon to the second 
and fourth, and sends an exceedingly thin filament to the third ; this toe, half the second 
and fourth, and the fifth arc supplied by the tibial fiexor ; this extends up to the femur 
in Megaderma, and in this the tendons are blended indistinguishably, except that the 
inner toe is only supplied by this muscle. In this animal likewise a thread of muscle 
passes from the os calcis to the tendon, forming the only rudiment of mi accessorius with 
which I have met in the order (Humphry found none in the Fteroims). 

Tibialis posticus is very small, and springs from the middle of the back of the tibia, 
passing to the sesamoid hone behind the ento-enueiform in NootuUna, or to the scaphoid 
in Macroglossus, or to the inner cuneiform in Megaderma ; it occasionally gets a little 
accession of fibres from the fibula, as Humphry found in I^terogms, Mhckeh says this 
muscle does not exist. 


Peronseus longus arises from the fihnlar condyle of the femur in Noctulma, descends 
to the inner side of the ankle receiving fibres from the fibula, and is inserted into the 
plantar surface of some of the tibial metatarsal hones (how many I could not say). In 
Cei)lialotes it does not rise to the femur, but has the same iuscution. In Pterqjms 


Udwardsii it is inserted into the second metatarsal bone 


1 


in li;, edulh it is inserted 


into the first and second ; in Maeroglosms it is attached to the kSocoikI metatarsal. 

PeroiiEDus brevis is the only peroneal muscle present in Megaderma, anil passi'w (roni 
the lower half of the fibula to the fifth metatarsal at the external side of the aiildo. In 


Macroglombu it passes from tlie external condyle of the Ihmu]* to the ju-ojccting spur on 
the cuboid bone ; in Eleutherura it passes to the fifth metatarsal, scDding a peronmus 
quinti slip to the base of the first phalanx. Meokel found one peronmus only, and this 
is the case in the majority of species. Professor Humphry describes a peronmus tertius 
coexisting with the longus in IHerojni^, arising from the front of the fibula, and 
inserted into the metatarsal bone of the fifth toe, with a slip to the extensor tcnchni of 


this too ; in his male specimen this is the peroriajus brevis, similar to the only peroneal 
muscle in Eleutherura; its brem nature is much more plainly seen in tlie other sp(.‘cics 
of Pieropus, where its tendon is clearly postmalleolar. 

Extensor digitorum longus arises in all from the front of the femur by a slender 


tendon, and from the outer surface of the tibia above the tibialis anticus: its tendon 


passes in a special groove in the annular ligament, and dividers on the doi-sum of the 
foot into four slips, which pass to the dorsum of the four outer toes ; this is the arrange- 
ment in Woctulina, Macroglossus, and Cephaloies. There are five tendons in Megadcrnui, 
Eleutherura, and Ehmolopim. 

Tibialis anticus arises from the outside (posterior aspect) of the tibia for its lower 
half (Pteropm and Megaderma), two thirds {Macroglosms), middle third (ElmlJuraref.), 
or lowest third {Noctulina ) ; it is inserted into the metatarsal bone of the hallux in most 
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species, but only extends into the scaphoid and internal cuneiform in Megaderma and 
Macroglossus. 

Extensor hallucis longus exists as a separate muscle only in Macroglossus ; it is very 
slender, and passed from the interosseous border of the tibia to the hallux. I found no 
trace of it in any other species. 

The dorsum of the foot presented two muscles : — 

Extensor digitorum brevis, which in all was moderately strong and passed from the 
outer side of the tarsus to the four fibular toes. Separate from this in all was the 
extensor hallucis brevis, which arises from the lower end of the tibia and front of the 
tarsus, and is inserted into the great toe ; this is largest in Moctulma and Mmtherura. 

In the sole of the foot are the following muscles : — 

Levator ossis styliformis, a slender muscle from the back of the lower part of the ankle 
to the upper surface of the styliform bone. This muscle is small, and proportionally 
largest in NoetuMna. 

Depressor ossis styliformis (styliform muscle of Humphry) starts from the plantar 
surface of the calcaneum (Nootulina\ or from the fifth metatarsal bone (Fteropos and 
its allies), to the lower border of the spur. 

Abductor minimi digiti, abductor ossis metatarsi minimi digiti, and abductor hallucis 
wore present in all, and displayed no features of particular interest. The fiexor brevis 
digitorum in all divided into four slender bellies, whoso tendons supplied the four digits 
on the fibular side ; it was small in l^teropus, larger in Macroglossus. There were eight 
lumbricalcs : one of these arose from the flexor hallucis tendon, and supplied the inner 
side of the great too ; one arose from the flexor digitorum longus tendon, and supplied 
the fifth toe on its tibial side ; and for each of the other toes there were two, one from 
the flexor hallucis tendon, and one from the flexor digitorum longus. 

The transversalis pedis was very large and double in Macroglossus, single and large 
in the others ; in P^eropwsitwasvery wide, and stretched fronr tins fifth metatarsal bone 
and from the first phalanx of this digit, from the fourth and partly from th(5 third meta- 
carpal bones, into tlie metacarpal bom', and first phalanx of the hallnx. Pi-ofcssor 
Humphry, in his description of this muscle, regards its halhiceal attachment as its origin, 
and its minimal attachment as insertion. 

There are ten single-headed interossci, one on each side of each digit. 


Eor purposes of comparison I have dissected two other types of so-called flying 
Mammals : one the Fteromys wlans, or Elying Squirrel, of the order Eodentia ; the 
other G-aleojgithecus volitans, or Flying Lemur, of the order Insectivora. . As an appendix 
to the Myology of the Cheiroptera I shall briefly state the muscular peculiarities met 
with in these species. 

In IHeromys the cutaneous muscles were : — 1st. Carpo-tarsal (Plate XVI. flg. 1,/)? a 
strong cord of muscular fibres extending in the margin of the iflagiopatagium from the 
tip of the styliform bone of the carpus to the inner side of the tarsus, and more parti- 

t2 
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culaiiy to the lower end of the tibia. 2nd. Carpopatagial (Plato XVI. fig. 1, y) consisted 
of radiating fibres starting from the carpal spur, and passing backwards and inwards to 
be lost in the wing-membrane. 3xd. Coraco-patagial (Plate XVI. fig. 1, A), a strong 
band starting from the tip of the coracoid process, and lost in the plagiopatagium by 


spreading along with the last. 4th. Coraconotal, deeper and further back than the 
last, arising, like the dorsi patagial of the Bats, from the integument over all the dorsal 
spines, and inserted into the coracoid process under the last; this muscle also arises 
from the fascia over the lower half of the lateral aspect of the thorax, and in it ramify 
the lateral cutaneous thoracic nerves. 6th. Transversns nucliie (Plate XVI. fig. 1, a 
singular muscle, which I think isj:he same as the muscle described under this name by 
Professor P. E. Schtjltze, of Rostock, joined to the zygomatiens major; it arises imme- 
diately below the occipital line from the median line of the back of the neck over the 
deep cervical muscles, passes forwards and crosses the next muscle to be inserted into 
the middle of the margin of the lower lip ; it runs transversely, lying on the splenius, 


the next muscle, the masseter, and the ramus of the mandible. 

The sixth of the cutaneous muscles is the most remarkable ; it may he named jugo- 
pollicalis (Plate XVI. fg. 1, A, e ) : it arises from the zygomatic arch by a flat wide expan- 
sion ; crossing under the transversns nuchse, it is inserted into the base of tlu^ rudimcntal 
pollex ; it is only fleshy for about half its cjourso, and it runs in the propatagium. 

It is easy to see of these? muscles that the last is of the same nature as the continiKsd 
portion of the occipito-pollicalis, together with the platysnia myoid(?s superior ; as there 
is a rudimental occipital trapezius, there is no occipito-pollicalis proper ; the others, with 
the exception of the first and fiftli, have? their r(.‘])resontiitivc?.s anie)ng the Bats, and the? 
nuchal slip of some of tiu? Clie'iTop(:i?ra niav be a de‘])vosse.(l l;i“aTe vrvsii?; nuebic. I <:e?nld 
not trace any filaments of tlio spinal accessory into any part of this group of muscles. 

Pcctoralis major is divisible into Irwo parts ; one of these arises from the upper half of 
the sternum and the inner half of the clavicle, the other from the lower half of the sternum : 
it is inserted as usual, and is a small muscle in comparison with its namesake in the Bat. 

Pcctoralis minor arises from the third, fourth, and fifth rib-cartihigos, crosses over the 
coracoid process to h(j inserted into tlic upper part of the greater tuberosity of tlio 
humerus. A distinct fourth pectoral arises from the fascia over the (?nyiform cartilage 
and upper fifth of the abdominal linea alba, crosses the tendon of the? pcctoralis minor 
to be inserted into the Immerns even higher up than that muscle. 

The cla-vicnlar and acromial deltoids are united, and make one small muscle with short 
fibres, which only occupies a very small section of the outer extremity of tbe clavicle, 
and is inserted high up on the humerus ; the scapular deltoid lies over the infraspinatus 
exactly as in the Bats, and its insertion has the same relation to the foregoing muscle as 
in the Cheiroptera. 

Stemo-cleido-mastoidcus is not separable into its components, (?xcept at its origin ; ami 
its insertion is into the paroccipital and into the ■whole length of the snpraoccipital 
transverse ridge. 
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The omo-hyoid is large and nionogastric, the sterno-hyoids and thyroids simple and 
large ; the digastric has two separate bellies and a central rounded tendon, which is 
continued from side to side above the hyoid bone as an arch, from which the parallel 
anterior bellies arise. 

The levator claviculm arises from the middle cervical transverse processes, and passes 
to the outer extremity of the clavicle and the acromion process. The latissimus dorsi 
springs from the nine lowest dorsal vertebra), from the lumbar fascia, and from the three 
lowest ribs ; it is inserted as usual, but its costal portion sends a thick band up to the 
coracoid process under the coraco-cutancoiis and notocoracoid muscles ; it is closely tied 
to the teres major, and the enormous dorsi epitrochlear muscle arises nearly equally from 
both. 


Trapezius is indivisible, and arises from the ligamentum nuchie, from the inner fifth 
of the occipital ridge, and from the six upper dorsal spines ; its upper part is wide and 
its lower narrow, and its insertion is as usual. The rhomboid is in two parts ; the 
occipital portion descends nearly vertically and is inserted into the vertebral edge of 
the pimscapula and mesoscapula. On the left side this muscle was in two bands, one 
arising from the middle line of the occipital bone and inserted into the mesoscapula, 
the other from the outer third of the supraoccipital ridge and attached to the pnescapula ; 
these wore continuous on the right. The levator anguli scapulio arisos from the transverse 
processes of the fifth and sixth cervical vertebrte, and is separated from the last by a 
fatty mass. 

Serratus magnus is divided into two parts, an upper, which is attached to two ribs, and 
a lower, which extends from the third to the eleventh ribs ; tins latter part is inserted 
into tho inferior angle of the scapula only ; the upper is perfectly separate from the 
levator anguli scapulae. 

The subclavius is perfectly separate from the sterno-scapular, which overlies the 
supraspmatus, and is attached to the mesoscapula, the subclavius proper going to the 
clavicle. The scalenus auticus is large and is inserted into the first rib ; tho medius 
and posticus are insepariibb'. and nrr alia.clK'd to the four U])ponijost ribs. The rectus 
abdominis ascends to Uio tir-i rib; i]:a ^crralus [)osn.cu', siip'.‘i-i.,v is inserted into the 
uppci: five ribs below the first, and the inferior into the five lowest. I could find no 
tracholo-mastoid; but otbo.rwisc tbc deeper ncok-musclcs were normal, tlic complexus 
having no tciidinons intersection. 

The subscapularis was not Jicarly so ku’gc as in the !Bats, and had throe tendinous 
septa in it; there wms no suhscapulo-huincral separate ; the supraspiuatus is throe times 
the size of the infraspinatus. 

Dorsi epitrochlearis is a large fleshy muscle arising from the tendons of the latissimus 
dorsi and teres major (rather more fj-om the latter than from tlic former). It overlies 
the triceps, is fleshy and thick for its whole length, and is inserted into tho inner side of 
the olecranon ■[)rocos.s. 

lliccps lias a small coracoid head joined to the whole length of the coraco-brachialis 
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loiigiia ; tlic long head crosses the shoulder-joint, with which its bursal sheath freely 
communicates ; the two parts of this muscle join inseparably. The brachialis anticus 
is large, and extends as high as the neck of the humerus on its outer side. There are 
two coraco-brachiales : a coraco-brachialis longus (Woon), extending for the lower halt 
of the bone, even to the inner condyle, and a brevis, thick and fleshy, closely applied to 
and crossing over the subscapularis tendon. 

Tlie pronator teres extends for the upper half of the radius ; the flexor carpi radialis 
has no second head, and a single tendon inserted as usual ; there is no palmaris longus. 
The flexor digitorum is in three parts, two of which are condyloid and one ulnar. The 
flexor pollicis has a radial origin, but it unites with the three parts of the fle^xor digi- 
torum, and I could only detect one set of tendons. There is a very small rudiment of 
a pronator quadratus, consisting of a few fibres overlying the part where the forearm- 
bones are united together below ; these are traceable in the lower third of the forearm. 
The supinator longus extends from above the outer condyle to the lower end of the 
radius. The extensor carpi radialis has a single belly with two tendons ; there is no 
extensor minimi digiti, an extensor ossis metacarpi pollicis, and an extensor indicis ; 
the other forcarm-musclcs displny no features of interest. 


In the liindcj* limb of tlio h'h'ing Sriuirrol the muscular arrangements are as follows. 


The gracilis is thin and narrow, the adductor mass is divisible into tlie following parts : — 
pectiueus (small and round), adductor longus (with a narrow tendinous origin), adductor’ 
magniis coudyloidcus (closely connected to the s(iraim(unbranosus), adductor maguus 
.•superior, and adductor brevis, all quite distinctly separable. The hamstrings are : — 
semimembranosus, large and fleshy, attached to the upper sixth of the inner (ulgc of tin; 
tibia; semitendinosu.s, with two heads, one arising under tin; la.st from the tuber ischii, 
the other, as in the lloavcr, from the spine of the first caudal vertebra, at first lying 
superficial to the biceps ; both uniting, arc inserted below the semimembranosus by a 


tendinous expansion for nearly the second fourth of the inner side of the tibia ; biceps 
is triangular, arising narrow from tlie tuber ischii, and inserted into the outer and upper 
third of the leg.. 


Agitator caudee passes from the two foremost caudal spines, and is inserted into tl,io lower 
half of the outer side of the femur on its flexor aspect, as far as the outer condyle, 
Gluteus maximus arises from the sacral spines, and from that of the first caudal ver- 


tebra; it is inserted into the third trochanter. Tensor vaginas femoris is moderately 
thick, and extends to the npjser half of the outside of the femur, being in.scrtcd into the 
fascia as usual ; its origin is from the iliac crest. The gluteus medius is thick and sepa- 
rate from the lai’gely developed pyriformis. Gluteus quartus is distinct, marginal, and 
anteriorly inserted. Uiaens is small, separate from the large psoas mapius; and the 
psoas parvus is thin and flat. The quadriceps extensor cniris consists of a large; rectus 
with a single iliac origin, an equally large vastus externus, and vastus intoiiius and 
oruteus, partially separable. The tibialis anticus is twice the .size of the exteusor digi- 
torum, and is, single ; neither muscle rises to the fi;inur. 
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Of the three peroiigei, the hreyis is the lai’gcst, then the quiiiti, then the longu's. The 
outer head of gastrocnemius has a sesamoid bone in its origin, from which arises the 
plantaris, and to this head further down a slender soleus is attached. The tibialis pos- 
ticus extends up to the small popliteus. The flexor digitorum is single, with five ten- 
dons and four lumbricales. There are two intcrossci for each digit, pollex and mini- 
mus included, an abductor of each of the two lateral digits, but no flexor accessorius 
nor transversalis pedis ; a superficial flexor digitorum with four tendons separates the 
deep tendons from the plantar fascia. 

The specimen of QaleopUhems which I dissected was very young, and had been found 
in the act of sucking its mother wdicn she was sliot. I obtained it through the kind- 
ness of my friend and former pupil. Dr. MacCaetiiy, H.N. On account of its youth 
the dissection was not satisfactory in many points, so I have only recorded such things 
as were unmistakable. 

The trapezius arose from the lower third of the cervical region, from the upper two 
thirds of the dorsal, and extended in an undivided sheet to the scapular spine ; the levator- 
claviculm was a prominent muscle uncovered by the last, and stretching from the trans- 
verse process of the atlas to the outer end of the clavicle. The rhomboid was single, and 
arose from six dorsal spines; it was inserted into the vertebml edge of the post- 
scapula. 

The dorsi epitrochlearis was a very remarkable muscle, and truly verified its name ; it 
arose from the four lowest dorsal spine.s mid extended, fleshy for its whole length, tO' 
the inner side of the elbow-joint; it overlay the latissimus dorsi, from which it was per- 
fectly separate. The acromion deltoid was related to the scapular, exactly as in the Bat 
and the Flying Squirrel, and the latter covered the infraspinatus and teres minor. The 
triceps longiis was single, and its fleshy fibres were short. The cutaneous pollicoal 
muscle in the propatagium arose from the mandibular ramus as far as the chin, bc'ing tlius 
plainly idcntiflablc with the platysma superior. The teres minor was moderately large ; 
the su];)matoj- longus inserf;od into the upper half of tho radius from the lower fourth of 
the outside of the humerus. The biceps and brachialis anticus were as usuiil, die c:oruoo 
bracliialis consisting of a medius and a brevis (AVoon). The extensor carpi radiiilis lougior 
and brevior united in their fleshy pfirtioiis and ^vith two tendons ; the extensor ossis 
iniflacaj-pi pollicis separate and strong. 

The sartorins arose from tJie middle of FounAKT’s ligament, the gracilis from below 
the spine of the pnbis ; th(?y both united at tlieir insertions, and appeared very like the 
muscles in Ci^Hialotes Palladi described above. '.I'lic tlirec adductors were separable, as 
was also the pectinens, a viiry short muscle. The iliaciis was marginal- in origin and 
separate from the psoas. A thick carpo-tai’sal hand extended, as in the Flying Squirrel, 
in the margin of the plagiopatagium. 

The tibialis anticus had a femoral origin, which was very slender, as well as its usual 
head fi*om the lower two thirds of the tibia ; from the same femoral tendon arose the 
extensor digitorum, and, indeed, the tendon seemed to belong to this muscle more properly 
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lian to the last. There were two peronaei, longiis and brevis, a two-licadod gastrocnemius, 
L flexor hallncis double the size of the flexor digitorum, and a very small tibialis posticus. 
Che tendons of the flexor hallncis and digitorum appeared to blend inseparably. 

As I wish to make this paper a simple record of anatomical facts, I forbear to make 
my comments on the dissections given above ; but they will doubtlessly suggest many 
nteresting lines of thought. The comparison between Bird and Bat myology, between 
;he muscles of the Bats and those of other flying mammals, and the relations of the 
matomical structure of the Bat’s fore limb with its method of flight, are all fertile 
mbjects for study, while the importance of the bearing of the displaced hind-limb 
nuscles in the Bat on serial homology cannot be overrated. 


ExPLAlfATIOK OP THE BlATES. 

PLATE XIII. 


d. femoro-cutancus. 
ischio-cutancus. 


Fig. 1. Cutaneous muscles of Meutlierura marginata, dorsal aspect. 

a. occipito-pollicalis. 
h. dorsi patagialis. 
pubo-cutaneus. 

Fig. 2. Posterior scalp-muscles of Megaderma hjra. 

a. occipito-pollicalis. d. occipito-frontalis, hinder belly. 

b. retrahens aurom superior. e. splcnius capitis. 

€, retrahens inferior. 

Fig. 3. Facial muscles of Maoroglossus minimus. 

a. occipito-frontalis. g. orbicularis oris. 

b. procerus nasi. A. zygomaticus. 

c. dilator naris. i. buccinator. 

d. orbicularis palpebrarum. j. depressor labii inferioris. 

e. attrahens am’cm. h masseter. 

/. levator labii superioris, 1. parotid gland. 

Fig. 4. Cutaneous muscles of Meuthemra mcarginata^ lateral aspect. 

a. occipito-pollicalis. d. platysma inferior. 

h, platysma superior, e. pectoralis major. 

c. platysma medius. 

Tg. 6, Facial muscles of Megaderma lyra. 

a. occipito-pollicalis. 

b. spinal accessory nerve. 

0. stemo-mastoid. 

d, masseter. 

' 0 ^ apriculo-angularis, 

f'- f^t^ahens aurem. 


h. orbiculaiis palpebrarum. 

i. levator labii superioris. 
J. levator alse nasi. 

A?, orbicularis oris. 

l. depressor anguli oris. 

m. procerus nasi. 

n. nose-loaf. 





M,a^aL(ster. 


PhiL Trans. M l)CCCTiX)aT.P/«^<^ .X!]| 




i' 


. }:d 









W:/iW«sl€yi!uK. ' 





■ ^"jVcuifc lifltjfl'. 




MTOLOG-Y OF THE CHEIEOPTEEA. 


1G5 


Fig. 6. Facial muscles of Vm)vpyroj^s vittatus. 

a. lower slip of retrahens aurem. h, levator lal 

1. upper slip of ditto. i. levator an 

c. attollens aurem. j. zygomatic 

d. occipito-frontalis. Ic. orbiculari 

e. procerus nasi. 1. massctor. 

f. corrugator supercilii. depressor 

g. orbicularis palpebrarum. 

Fig. 7. Posterior deep neck-muscles of Macroglossus minimus. 


h. levator labii superioris. 

i. levator anguli oris. 

j. zygomaticus. 

Ic. orbicularis oris. 

l. massctor. 

m. depressor labii infcrioiis. 


f. stovno-mastoid. 

g. omo-hyoid. 

h. pc'ctornlis major, 

i. stcino-liyoicl. 

j. trachea. 


a. origin of occipito-frontalis. g. rectus lateralis, 

1). retrahens aurem. li. rectus capitis x^osticus minor. 

c. rectus capitis posticus major. i. grain of shot in intermuscular space. 

£?, e. obliquus inferior capitis. j. intcriransvcrsalis. 

/. obliquus superior capitis. 

Fig. 8. Cervical muscles of Mogaderma lyra. 

a, massctor. f. stovno-mastoid. 

1). monto-hyoidean. g. omo-hyoid. 

c. digastric, anterior belly. h. pc'ctornlis major, 

d. inscrix)tiou in digastric. i. stei no-hyoid. 

e. parotid. j, trachea. 

Fig, 0. Superficial <lorsal mubcles of Megaderma Igra. 

a. s])lcnius. g. deltoidcus Hcax)ularis. 

h. tra])ezius superior. li. teres major. 

c. dolioidcus acromialis. i. latissimus dorsi. 

d. acromion, j. dorsi cpiirochlearis. 

e. rhomboideus. k. triceps loiigus anterior, 

/. trapezius inferior. 1. triceps longus XK)stcrior. 

Fig. 10. Superficial shoulder-muscles of Tamjgyrojgs mtiatns. 

a. deltoidcus acromialis. d. deltoidcus scapularis. 

acromion, e. teres major. 

c, supraspinatua, /. triceps longus. 

Fig, 11. Second layer of shoulder-muscles in the same, cis, h, c, (f, ^,/as in tho last, 
g. humerus, h. split insertion of tho scapular deltoid. 

Fig. 12. Third layer of shoulder-muscles in Ymypyreggs uttatus. 

d as in figs. 10 & 11. e. insertion of the scapular deltoid. 

/. circumflex humeri nerve supplying the acromial deltoid. 

g. filament of the same nerve supplying the scapular deltoid. 

h. infraspinatus. j. triceps lofiguS. 

i. teres minor. k. ori^n of t^fes meg or. 

I'igj, Ifit Anterior arm-miisples in Maoroglossm mhimUs., 


. , a. subclavius. 


b. subscapularis. 
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c. subscapulo-humcraJ. 

d. coraco-brachiEilis. 

e. coracoid head of biceps. 

Pig. 14. Long head of front of forearm of 

a. flexor carpi radialis. 
h. palmaris longus. 

c. flexor digitorum. 

d. flexor carpi ulnaris. 

e. process of os magnum. 

/. flexor brevis minimi digiti. 
g, interossei of annularis. 


/. biceps, b(dly. 

g, g'. long head of biceps. 

Vmnpjrops vitfatus. 

h. ulnar intcrosseus of mc’dius. 
L radial intcrosbous of tnedius. 
/. ulnar inteross('Us of index, 
h adductor polUcis. 

L abductor polliein. 
m. flc.xor brevis pollicis. 


.) i 


PLATE XIV. 

Fig, 1. Muscles of front of forearm in Macroglossm mininm. 

a. supinator longus. g. radial iuterosseiib of miuinius. 

A pronator teres. /i. radial intcrosseus of annularis. 

G. flexor carpi radialis, %, mdial intoross(‘us of mcsliiis. 

d flexor digitorum, j, ulnar inlorossoiis of nuslius. 

e. flexor carpi uluaris. l\ ulnar intd'osst'us of index. 

f, abductor minimi digiti, L pEilmaris longus, 

Pig. 2. Diagram of digital tendons in y(mig>gTops vitiatw, 

a, palmaris longus. y, tendon of ilexor digitorum to pollex, 

1. its radial tendon to pollex. g, tendon of same to medlus, 

G, its ulnar tendon to pollex, 7i. flexor digitorum. 

d, tendon to index. annular ligament. 

e. tendon to medius. 

Pig. 3. Diagram of flexor tendons in MacToglossus minimus, 

a. flexor carpi radialis. h, its tendon to pollex, 

h. its tendon to carpus, i, tendon to index. 

G. its tendon to index. _ j, tendon to interosseus of medius. 

d. palmaris longus, ^ flexor carpi ulnaris. 

e. its tendon to pollex. I its tendon to fourth metacarpal. 

j, its tendon to index. tendon to fifth metacarpal. 

tK A digitorum. tendon to abductor minimi digi^. 

4. Tendons on back of wrist in Ogmngcteris amggUncaudaim, 

; <2. extonsor carpi ulnaris. g, extensor poUiois longus, 

; A extensor communis digitorum. k extensor pollicis et indiois. 

;; , 4 tendon to minimus. i, extensor indicis. 

d. tendon to annularis. J, extensores carpi radiales, 

e. tendon to medius. jt. tendon orbreriot 


. extensor metacaipi poliipis, I tendon of longiot 
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Fig. 5. Antobraciliial miiaclos of l^locMma altimlam. 


a. biccpa ttnuloii. 
h, humcro-cuianexis. 

c. aupinator lougiia. 

d, pronator teres. 


<?. flexor cligitorum. 


(j, abductor pollicis. 

A. flexor brevis pollicis. 

i. opponeiia indi(;is. 

j, two intorossei of mcdiiis. 

Tc. iutcrosseiis of annularis. 

f. flexor carpi ulnaris. I, interosseus of minimus. 

Fig. 6. Beep abdominal muscles of Megadmm lyra. 

a> psoas parvus. c. pectineus, origin of. 

h> posas inagnus. f. caudo-fomoralis. 

(?. (piadratus lumborum. g. extensor cruris. 

d. obturator (ixtermus. A. diaphragm. 

Fig. 7. Muscles of the thigh in M.acmjhssuH minimus, 

<35, c as in fig. 0. f, hamstrings. 

, (I, iliucus, (f, rectus femoris. 

G, gracilis. 

Fig. 8. Mus(;hj.s of thf) thigh in Macroglosms minimus. 

<15, h, dy (j as in fig. 7. i. pectineus, 

f. semimembranosus. j, adductor brevis. 

A. siujiltendiiiosiis. A. adductor magnus. 

Fig. lb J'\imonii musehis of ;Uarrn(/l<mn.s minwms. 

(f.y b, dy ffy 1 i,M jj) jig. 8, obiurator externus. 

I. <(uadi'atiis leinoris. 

Fig. 10. (Uuleal mus(;l(\s of M aero f/lossiis mini tiius. 

a. gluteus mediUH. g. semih'.ndinosus. 

A. iliacjus. A. .semiiriembi'anoHUs. 

c. gliiteii.s (juartiis. i. dorsiiin ilii. 

d. jcctus fV'riKjris. j, .sacro-sciatic foramen. 

e. caudo-fomoralis superior. 1c. tulxn* iscliii. 

/. ditto inferior. 

Fig. 11. Anterior fcnnorul muscles of O^halotcs PaUasil. 

a. iliacus. e. rectus femoris. 

A. psoas magnus. /, adductor magnus. 

c. psoas parvus. g. adductor brevis, 

dy d'. gradilis. 

A. slip from pectineal point to the insertion of the gracilis ; perhaps a sartoiiusl 
i. pectineus, L, samitendinosus, 

J. semimembranosus., 

Fig, 12. Thigh-muscles of MoQinMm. ' 

. ! <35. gracilis. : , , . , ai iliacus, , , 

A. pectineus. . . ■ pecrinaus. 



168 


PHOFESSOE A. MACALISTER ON THE 


d, g. rectus femoris. sctnimcmbruuosus. 

7h. quadratiis femoris. j> semitondiiiosus. 

i. adductor brevis. 

Fig. 13. Extensor aspect of femur of Macroglossiis mmwim. 

a. dorsum of ilium. c. pyriformis. 

1. iliacus. A. rectus femoris. 

e, femoral head of the extensor cruris (crurccus and vasti in one). 

Fig. 14. Gluteal and other muscles of Noctulma altiwlans. 

a. gluteus medius. i. belly of (ixteusor cruris, 

h. iliacus. j. gastrocnemius. 

e. rectus femoris. Ic, hexor digitorum longus. 

d. femoral head of extensor cruris. 1. pcroniei muscles. 

e. caudo-femoralis. 

/. semitendinosus. 
g. semimembranosus. 
k gluteus maximus. 

Fig. 15. Gluteal muscles of Macroglossm mmirmis, 

a, gluteus maximus. c. semitendinosus. 

1. iliacus. d. somimcmbratiosus. 

Fig. 16. Crural muscles of yampjroi)s viUattcs. 

a. gastrocnemius. f>. flexor bnllucis longim, 

A hbular head. j\ d(‘pv(!ss(>c of the styliform bom 

c. tibial head "vvitli sesamoid bouo. g, liexor bvovis digitoiMiin. 

d. flexor digitorum longus. 

hig. 1/. Crural muscles of yam]pyi'0])s vittaius^ deep flexors. 


9)1. elevator of the .styliform bom*. 
91, depressor of the styliform bone, 
0 , t'xtensor brevis digitorum. 
jP. peroneal tendon. 


a. flexor tibialis digitomm. 

A pppliteus, rudimental. 

c. flexor hallucis longus. 

d. tibialis posticus. 

e. tendon of tibialis posticus. 

g. depressor of the styliform bone. 


abductor minimi dJgiti. 
j. tibial lumbricalis of minimus. 
h flbular lumbricalis of annularis. 
I, tibial lumbricalis of annularis. 
9n. tibial lumbricalis of uK.'dius, 
flbular lumbricalis of index. 

0 . abductor hallucis. 


h. tendon of the flexor hallucis. 

hig. 18. Diagram of flexor tendons and lumbricalis in Vamjpyrojjs. 

a. flexor digitoi^, i. flbular lumbricalis of miaimus. 

i. flexor hallucis. tendon of flexor hallucis for annularis. 

c. flexor hallucis brevis. H. ditto for medius. 

d. tendon of fl. digitorum to hallux. I ditto for index. 

e. tendon of same to index. w. ditto for hallux. 

f. tendon of same to medius. n. fi,bular lumbricalis for annularis. 

g. tendon of same to annularis. o. tibial lumhricaUs for ammlaiis. 

h. tendon of same to minimns. p. fihulax lumbricalis for medius. 
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f/. tibial ditto. 

r, fibixlar Imnbiicalis for index. 

6*. tibial ditto. 
t, continuation of ditto. 
n. tendons to ininimus. 

I’ig. 10. Plantar mnsclos of Macroglomis lyvmmits. 


V. 

w. 

X. 

y- 


tendons to annularis, 
tendons to medius. 
tendons to index, 
tendons to pollcx. 


a. tibia. 

j. flexor brevis hallucis. 

b. fibula. 

L rudimeiital opponens. 

ch os calcls. 

1. tibial interosseus of index. 

d, cuboid bone. 

m. fibnlar of ditto. 

e. abductor ossis metatarsi minimi 

n. tibial of modiiis. 

digiti.; 

0. fibnlar of ditto. 

abductor minimi digiti. 

p. tibial of annularis. 

(/. trausversus pedis posterior. 

g. fibnlar of ditto. 

h. trausversus autcuior. 

r, tibial of mininins. 

abducstor hallucis. 


PTATE 

XV. 

ody-muHC.h's of Gqdialotcff Pallaaii, 

front vi(5W, 

a, frontalis. 

ft. pc'Ctoralis major. 

b* proccn’us nasi 

t. subchivius. 

c. nasal licjid of levator labii su* 

w. serratus aiiticus. 

porioris. 

V, pectoralis cpxartus. 

d, angular head of ditto. 

w, Rxxbscapularis. 

e. levator anguli oris. 

(s, biceps flexor cxibiti. 

f. orbicularis palpebrarum. 

y, tricc^ps extensor. 

g, scygomaticua minor. 

Z, coriico-briicbiiili.s. 

// . ai i ri c ul( )-e 1 1 g iib ir i s. 

a, S('i’ratus uiagnns. 

/. attrabons aurcin. 

j3. (’xt(.M iud ol,)U(pn;. 

j. masse ter. 

y. rectus abdominis. 

k. attollims anreni. 

5. internal oblique. 

F 

L stonio-mastoid, superficial. 

g. iliacus. 

m. sterno-mastoid, deep layer. 

?. rebtus femoris. 

w. clcido-mastoid. 

Vi, pectineus. 

0. sphaiius. 

6. hamstrings, 

p. stern o-liyoid. 

adductor brevis. 

g, occipito-pollicalis. 

X, epicoracoid. 


r. omo-byoid, 

A, hypogastric muscular deficiency above the pubes and between the recti. 
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Fig. 2, Body-muscles of Gephalotes I^allasU, 

a. occipitalis. 

b. retrahens aurem. 

€. occipito-pollicalis. 

d. splenius. 

e. slip from occipito-pollicalis to 

retrahens aurem. 

f. nuchal accessory slip to occi- 

pito-iDollicalis. 

g. levator claviculec. 

h. levator anguli scapulaj. 

i. supraspinatus. 


hack view. 

j, rhomboidtms. 

/c. serratus magnus. 

l. deltoklous acromialis. 

m. dcltoideus sc-apuhirls. 

n. tert^s major. 

0 . triceps. 

jp. biceps. 
g, latissimus dorsi, 

r. ercctorcs splu^e. 

s. gluteus maximus. 


PLATE XVI. 


Fig. 1. Cutaneous muscles of Pteromys volans. 


a. transversus nuchoe. 
c, jugo-pollicalis. 

d. pectoralis major. 

e. styliform bone of carpus. 

f. ciU’po-tnr.siilis. 

Fig. 2. CutQii(u)us iK^ck-musch^s of .VteroimjH. 

a. origin of jugo-x:>ollicalis. 

b, jugo-pollicalis. 

Fig. 3. Superficial thigh-muscles <rf (ralcopUhecnK valiktm 


g, carpopatagialis. 

h, coracopatagial fibix^s. 

i, coracouotal. 
h ilio-cutaneus. 


c. trai\fivers\rs imolue. 


a. reflected integument. 
h. external oblique of abdomen, 

c. iliac crest. 


e. sartorius. 
/' iliacus. 

< 7 . rectus. 


Fig. 4. Thigh-muscles of Pteromys, hack view. 

a. tensor vtigintc femoris, 

b. gluteus maximus. 

c. rectus and vastus externus. 

d. agitator caudjo. 

Fig. 6 . 'Cliigb-musclcs of Pttromys^ front view. 

a. iliac LIS, 

b. psoas magnus. 

c. psoas parvus tendon. 

d. tensor vaginse femoris. 

€. vastus intemus. 

f. adductor brevis. 

g. condyloid part of the adductor 

magnus. 


e. caudal origin of somitendinoa\iH. 
/. bicipiti accessorius, 

g, biceps. 

h. gastrocnemius extemus. 

h. semimembranosus. 

i. gracilis. 

j. semitcudinosus, isoluatic head. 
h, caudal origin. 

l. rectus femoris. 

m. edge of adductor longus. 

n. pcctineus. 





1 in/JwtHMmr.inii, niaie xvi. 
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(). roHt('ri()r Hlumldci-nmsdca oi .Vtemnys, 

a. Mupraapiiuitna. h, tcros major. 

b. oocipital rhoinboid. i latisainius dorsi. 

r. scapular deltoid. j. bracliialis auticns. 

(L acromion ddtoid. Jc. bicc])s. 

c. triceps {^xtcrims. I supinator longua. 

/'. triceps Imigus. m. muscles iVoni external condyle. 

(/, dorsi (^pitrocbleaT. 

Fig. 7. Internal surface of arnwnuscles of tlie same. 

a. pectoralis minor. f. coi’jujo-bracliialis longus, 

h, subscapulavls. //. coracoid bead of biceps. 

a, dorsi opi trochlear. k long ]u‘ad of biceps. 


d. triceps longus. 

G. triceps intiuinis. 


'/. coraco-bracbialis brevis. 
j\ iu.serfcion of great pectoral,. 
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IX. Oil tJie Fossd. lUtmnia.ls of Auatvfdw . — ^IWt VI. Gomis l*1\as(’olomys^ 

.By ./Mfemyr Owkn, cC'o. 


'.lUitfcivod Hoptnmlxir 14 , — ^IUmuI Boooinljcv 7, 1871. 


§ 1. Introduclioih, — lii a. papi.'r “ ( )ii the OMtcolo^y of the MarsupiuUa”* I noted th(^ 
expansion of the base of llui inisal boiu^s in tlu.^ f^enus J*hmrolomy(i<, and the agrconiont 
of the AYonihat in this (‘haracten’ with the Koala, rhahmgcui’H, P(itanrists, Myrmoco- 
hiaus, Dasyures, and Opossnins; tluis indicating, as tar as ohservatiou thou warranted, a 
g’en(‘ral marsupial chiiracter of form in thos(5 hones. 

In a scH'otid paper I entin’c'd tipon a comparison of the nasal homss in IduwmhmyH 
mnihahia^ (hK)tf, and Plutnc. laiifrovh', Owen, Jind showed that, in the latter species, 
“ the luisal hoiic's were? relativtdy broader, forming the whole upper surface of the ante- 
rior tldrd of th<^ Hkuir’f. 

Tn the ‘ J)eN(:ri])tiv(i (jatalogm^ of th(^ Ostoological Seri(5s in the Museum of the 
Iloyal Colh‘ge of iSnrgeous of MTigland,’ {uiotlun* cliaractor was poiuhid out in “the 
Hnp(M’i()r hn^adth of tln^ part of tlu^ maxillary as(umding in front of tlui malar aiid lac.ry- 
mal hoiKis to join tlu* nasals” in 'Plifmvlo7m/fi laPfmm, “ '!rho gT<5at(jr relative Imuulth 
of tlu5 nasal hones, as compar(id with those of .Phmi'oUmvyH vomkitmP was also noted 
among tlm characjUn’s <lifFer<‘uti{iting a third species of existing Wombat doihujd in that 
workj us Pluimoliymyii ydatyrlPmus. 

§ 2. .Ntfsal hmcH m Phascolomys vombatus, PSr, — I now proceed to consider, as far 
as materials peumit, the amount of variety to which the same sptidtts of Woiuhal: may 
bo subject ill the nasal l)onc*s, — a nKiuisite jjr{‘liinina)*y to dehu’iuiuing the value of thesi' 
hones in diff'erentiiittug n'c^enf; ;md fossil .s])eci{is id' .P/ucsroloray}^. 

In an fdd male 'Pasnuudmi Wombat {Pliaao. wnihaiio^) the basal bv<^adth (spials two 
thirds of the length of llu’ pair of nasal bones^. The outer angles of tlui nasals, at 
tln:ir base (i.i), ai'O. divided IVom tlu^ lacrymal tuberch; (7:1) by a strip of maxillary ( 21 ) 
4 lines in breadih, joining to thatcxh’ut the irontal (ji). The sides of the pair of nasals 
converge forward at tluj liiiidiu* thinl, tluui run parallel, gently curving inward, and 
finally gaining the margin of tin; nostril, witli a slight curve outM'arcl. Thus the 
course of each lati-iral border of the nasals is undulate. Their tips (iv) extend forward 


• TruiifliiciioiiH nf Iho Zoidofjieal Sdcicfcy, vol. ii. (.18.88) i), 387. 
f 11), vol. iii. (IH-i.")) p. 304, jil. xxxvii. 1 it 4. 

+ 4to (I8r..'{), j). 334. 

§ Xliift proportion is expressed as follows by Dr. MuitiTnii describing his specimen of P7iascohmysvon>.lattis : — 
‘‘Tho ])ropi»rUoiiul breadth of the two nasal boiios at their hinder ends is to their length os 08 to 100.” (.I’roe. 
Zool. 80c. J867, p. 802.) 

T'fUCCCT.XXlt. 2 A 



174 


PBOIBSSOB OTBN ON THE EOSSIIj MAMMAEfi OE AlISTUAlitA. 


about three lines in advance of the naso-prcmaxillary suture, and are bevt'U(‘d oil' (u a\i 
obtuse point from without obliquely inward and forward. Togcdhor tluisi'* bones foun 
the middle third of the upper border of the external bony nostril The frontals (n) nuiki* 
a slight projection into the middle of the fronto-nasal suture, which from this shallon 
indent runs outward and a little forward to the nasal process of tin* maxillary (:«>)*• ^ 

naso-maxillary snture forms the hind fifth part of the lateral herder of tlu^ misals ; tin* 
naso-premaxillary suture runs along the rest of the extent of tlni nasal hoin^s ,* /. v. to 
the beginning of their free ends, which are short and subobtuso. 


Fig. 1. 



^J^asalljoncs nucl ihcjiv connoxionH, 
var. 2, Fhascolomys vovibalas, UcollV. 


iNiisjil lioiK'H 1111(1 llicir c.Dnni-xioiis, 
vu.i'. Pfi(iiin)liiiiijin iHiiiihatfiiti, (Jt-nilV. 


Ilia second Tasmanian Wombat the nasals (fig. 1, i.'.) dificr from tliose above d('..S('.ril)c;d 
in their basal breadth, this being equal to rather more than three fourths of their bmgth, 
or as 77 to 100, also in the absence of any mesial indent of the froiito-nasiil suture, and 
in the sharper convergence forward of the hinder fourth part of tiie latcsval margins. 
These margins describe a similar wavy course, convex outwards along tin; middb' third, 
or a little in advance of it. The apices overhanging the nostril are. loss sharp and jiro- 
minent than in the last or type specimen. 


In a third ■ younger Phasoolomys wmhaim (fig. 2) the lateral margins (;unv(‘]'ge 
gradually and in an almost straight line from the base to tlic aiitciior fourth of the 
nasals, where the margins extend nearly straight to the nostril, 'flic middle sixtfi 
part of the fronto-nasal suture is slightly concave ,* the rest extends outwai^d and more 
obliquely forward than in the two preceding specimens. Tln^ apices of tlje nasals 
projecting beyond the premaxillo-nasal sutures are shaip, and form oiuj fifth the length 


■* TMa epewmen, figured in my first paper (Joe. eU.), shows the usual cliariictcrs and is not horn jigurod : tlx- 
references to the numerical symbols of the bones, in aid of tho description, arc bcc^d in tlio suljjccls of tiio iwo 
Woodcuts showing the varieties. 
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of the wUolt) lat(?ral margin of the bono. TIk^ basal breadth bears almost the same 
proportion to the length of the nasals as in the first cit(id sliull. 

§ Naml hones in l^hascolomys platyrhinixa, Oio. — ^Tho riatyrhine Wombat, in the 
abs(mcc of postorbital processes, the shorOiess of tlic naso-raaxillary suture, and the 
(Iccj) emargination of the fore part of the nasal pr{)ccsa of the xu’cmaxillary, is more 
nearly allied to Phase, wmhatns tlian citlnn* of these species arc to Phase, latifrons* ; but 
th(^ nasal bones (fig. 3, is) are relatively broader in the Platyrhine than the Tasmanian 

Fip?. 'fi. 



NuHttl bonos find thoir connexions, Vlutmohmijn lihiyrlmms, Ow. 


Wombat, the outer basal angles ap])roachiug as m?ar to tlic laerymal tidnTcles (ib. 7 : 1 ) 
with a greater relative breadth of the skull at that part. In oiu^ skull the lateral 
hord(!rs of tlie nasals Jiavo file same undulatory course, but inon; feebly inarJced than in 
(he s('Cond vurioty of J^huse. vomhatus (hg. 1), In a second tlm suture be.tween the 
nusals (is) end premaxilljiricjs (au) runs as in fig. 3 . I’lnax' is a inirrow and irregular 
intrusion of the frontal a.t the middle of the fronto-uasal sutun^, sometimes at the 
(jxixmse of tluj right (as in fig. 3), sometimes of the loft musal bone. The breadth of 
the buRi^ of both bones equals live sevenths of the length of the nasals in two specimens, 
jiiid four fifths in a third. The apices (w), projecting anterior to the naso-premaxillaiy 
suture (i! 2 '), are blunter than in the first variety of PhasGolomys vomhatus. The width 
or bveadtli of the nasals, at their base or fronto-nasal suture, begins to diminish at once, 
n .8 they advance, by the converging course of the naso-maxillary (15-21) and naso-pre- 


* TliiH rolatioii is i>t)in1:c(l out by Dr. Moiuk, wlio romarlts; — J^hmcolomjs Zai'i/^’on.9 sbenrs off from tbo 
common form of Wombat and risvcria to tlic tnio marmipinl tj'jic iu Bcvoral partictibira ” Qoo. dt. p. 800). Those, 
bowovor, lio does not cite ; and I may have to note aoino points in. whicli it seems rather to diverge from the 
common character. 


2 A 
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maxiUaiT (..-«) sutures. lu not any of tlie tl.rec spocimcms ludoir mu is “ Hm' “i 
(lie nasals continued foiwd beyond their middles”* lu one ^■u^el:y the .■ourse of the 
naso-premaxillaiy suture was such as is shown by the dotted liiu; « <’ m tiK”"' ^ 
broader strip of the muxillary (n) divides the nmlar (»i) from th<^ pr.Mrmxillary W in ■ le 
present species than in Phasoolomys wmiate. I’liis is a jrood and conslimt chnrneter 

in a comparison of tlie two species. 

S 4. Nasal hmws in Phascolomys latifrons, 0«i.-'l'he, breadth of tlie fore part ot the 
frontals in the Latiftont or Eah-y-nosed Wombat is made to contrast with the nurroivness 
of the rest of the bones by the outward (stoasioii of tlm iiostorliiUil proeiwesf; tlie 
nasals (fig. 4, a) present a more regular triangular form, tlirongli tlie prevailing tniii«- 
verse coui-se of the fi-onto-nasal suture (n-i.) and the morn regular cmivorgeuce of the 
lateral mai'gins of the nasals to the fore ends of the mmo-premaxilhiiy sutures (o «). 
Beyond these the lateral mar-gins of the nasals converge more vapidly to their apices (iv). 
which extend freely further forwai-d than in the two jirccoding siiecies. 'riii- lireadlh ol 
the nasals at the base of their free extromitioH is gi-eater tliiui iu the liiiri'-iiiwetl Worn- 
bats, and the upper surface of the entire bonoH is lliitter. 

In one of the two skulls before me IffMfftiiia tin' h^ll Irmiial brcaKN 

the transverse course of the fronto-nasal suturo by u sliurji-poinitHl jjrotu'ss tu* 
between the two nasals (indicated by tlie upper liut^ iu 4); In the seeeud skull 



Nasal Iionos and their connexions, rhascohmijs hlifnma, <)\v. 


the right jfi’ontal sends forward in the same way a more obtuse triangular process ; in 
my tj^pe skull (Zool. Trans, vol. iii. pi. xxxvii. tig. 4) botli IVontals coutvi!M,U,o e(pial 
shares to the wedge, which is longer (as sliown hy the lower dotted linos, f/,, in iig. 4). 


* Mubie, he. cit. p. KOJI 

t Plate xxxviii fig. 4, o, o, Zool. Trans, vol. iii. (1B40) (nat. sijjo) ; also Mtjiue, Proceedings of tho Zool. 
Soc. 1865, p. 844, fig. 1 (half nat. size). 
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<)iiUi(l('. tbiH, ill all TyiitiiVoi it Wombats, tli(i IVonto-riasal Kutiiro riuis straight outward to 
tUo lac-rymal (p), frotu wliich botio it i,s not ,sc]>arat(.Hl, as in J^hmaolojuffn and 

Phase, by tbo niaxillaiy (21). TIk^ extent of tlic na.so-in.axillavy suture (jn-ai) 

(ujuabs that of tlio iuiso-pr(unaxina,ry suture (jr,~ 2 a). 

Th(,)se ditterc'uccs in the connexions of the nasals are nion^ significant of specific 
distinction tliun tlu^ shape of the bones. Th<^ naso-niaxillo-in'eniaxillary suture (ir, -31-22) 
is v<iry slightly concave outwardly in the Latifront Wombat ; and the free border of the 
nasals beyond tlu^ sutures alb'cts a convex bend toward the a|)ic*(^s. 

§ r>. Nasal haiifis m IMiascoloinys Mitchelli, Ow , — Tinue would be no <loubt in deter- 
mining Phasrolomp htlifrons by the naso-maxillo-prmnaxillary ]>art of the skull, at h'ast 
as being distiiu't from tln.^ other two known n'cent sjaxies, if even tlu^ still morocharuo 
tmistie part of ilu^ frontal boiu^s wus wanting. T'ln're might bi* more diliiculty in pro- 
nouncing as to wiudher a fore part of the sknll belonged to Phaseottmufs pltdf/rhinus or 
to Phase, vam (atlas, 

1. now in’oeet'd to compare sneb. a fragnunit of a fossil sknll of a Wombat on the basis 
of tlu^ characters whieb comparisons of differentindividuals of ike three well-dctmaiiined 
j’<ie{‘nt specit.'K of fdtaseoiomi/s alfords. 

'file fragment in question (Hlate .WIF. figs. 1, o, -i, 5) includes tlui nasals (m) with 
parts of the froutals (u), ItwaymalH (p), malars ( 211 ), maxilhiries (m), prcmaxillaries 
and paltiiiiK's («y). 'Hut nasals (is) ani of the type of those inPJamealtmy/s inmifa/tas-and 
Phasaaloimjs p/alt/Mm; in the pro])ortion of basal breadth to hingtli and the speedy 
narrowing as they advance tliey resemble the modilication shown in Woodcut, fig. i., 
p. .174, in .Phase, matbafais, Ihxt small as is the extent of the naso-maxilhiry siitun* 
in Phase,, inmihatm (figs. 1 tSs 2) and Phase, phtprlimus (fig. Jl), it is still les.s in 
the fossil, the apex oidy of the basal expanse of each nasal (u) touching the maxillary (ai) 
( llat(^ X V.I I. fig, 1) on each side of the skull. The nusoqmnnaxillary sutiivo (ih. m'-p, an') 
mm along the aide borders to within half an inch of the extremities (u'), which are 
obtusely pointed, as in PhasGOlotatjs plalf/rhhvs. 'Hie suturi* or lah’val bordir of fh'‘ 
uasidis dcs<.-.rib<'s but two curv(!S, concave at the ba.sal balf, convex at tin* apical one; 
sligbtin both, in Phttseoltaaijs .Miiehe! It. 'flic anghi fornusl by the fronlo-naHal, suture 
(ji -if.) is as in Phasv. pf/dt/rhiaas (fig. .‘1); a.nd au obtuse process, .1 lines broad, of the 
frontal is wedged into ihe hegiuning of the iiitcrnasal suture. 

S(‘eing the variations in regard to such frontal wedge, as in the sinuous course of the 
lat(!ral bordm’s of tlie nasal, these hones (?.ould not diffcrejitiate by their form tJie fossil 
from tlio existing cmitinental AVonibat {Phtu^e. ^dutyrlmm). The superiority of size is 
but small in fcb.e fo.ssil; but tho diffei’cnco of coujiexion. shown in the almost exclusion 
of the maxillary from junction witli the nasal, is a satisfactory distinc:t,ivc cliaracteristic 
of this part of tlie skull of the fossil 'NVombat under consideration, which .1 refer to the 
P/tascolow/f/s MUehellij Ow.* 

• Firfll; dcilnod in Ai)pcTida in ‘Three ]3xi)cdiiion3 into tho Interior of Eastom AustfaHa/ vol ii. 

8vo, 1838, pi, -iS. figs. -1-7, p. ‘MS (i2nd od.). 
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The present representative of that species is from the same bone-cave as the typ(‘ 
fossils* ; it has been flattened or crushed from above vertically downwards. Tlui facial 


parts of the premaxillaries ( 22 , 22 ') are on the same hoiizontal piano as the nasals (m), 
which they suturally join. The frontals (u, n) have been pressed away from the 
nasals along the major part of the suture, and all the bones are more or less fractured. 
To this condition the skull had been reduced before the drip of the cavern had 


hardened the red mud about it. The process of clearing away such matrix was long 


and tedious. 


Did the skull show the violence of a carnivorous troglodyte destroyer, or the eflbct of 
some cosmical force operating on the breccia-bed of the cave 'i If the former, the blunted 
laniaries of our old Thylacoleo are the only animal dynamic in Australia capable of so 
smashing the Wombat’s head that I am as yet cognizant of. 

§ 6. Nasal hones in Phascolomys Krefftii, Ow. — ^This species is founded on a fore 
part of a ^ull (Plate XVII. figs. 2, 6) discovered by Gerabd Krei'et, Esq., in the same 
bone-cave as the last-described fossil. It is as closely allied to the broad-fronted or 


hairy-nosed Wombat as Phascolomys Mitchelli is to the bare-nosed continental sp(^cios ; 
and the value of the nasal characters comes well out in the comparisons determining the 


present fossil. 

It includes the major part of the nasals (la), with the connected parts of the promax- 
illaries ( 22 ) and maxillaries ( 21 ). The nasals are broad and flat ; their lateral margins arc 
suturally joined with a smaller proportion of the premaxillaries than in Phascolomys 
latifrons (Woodcut, fig. 4, 22 ). 

The free anterior extremities of the nasals (is') show nearly the same form and pro- 
portions as in that Woodcut ; their basal breadth, where the naso-prema.xillary suture 
ends anteriorly, is 1 inch 3 lines ; the length of tlic outer margin is 1 inch in a straight 
line, but is rather more following the curve. The lateral sutures, as it extends along tl.ic 
maxillary ( 21 ), shows a slight uniform curve, concave outward. A portion of tin; left fronto- 
nasal suture (n-is) indicates an oblique course from within outward andforwaj’d in about 
the same degree as in Phascolomys jplatyrhinus, fig. 3. I have not seen such cours(.‘, as u 
variety, of that suture in any specimen or figure of the skidl of the recent Phasoolomys 
latifrons. Other instances of combination in the smaller fossil Wombats, such as are 
now under review, of characters which respectively specialize the Platyrhine and Latifront 
Wombats will be adduced in the present memoir. 


The length of the left nasal, as far as it is indicated by the preserved extent of its 
suture with the frontal, is 2 inches 10 lines ; the extreme basal breadth cannot be given, 
on account of the side-fractures, 


The intemasal suture seems to be partially obliterated ; and there is a narrow elliptical 
vacuity with rounded margins, situated ten lines from the tijis of the nasals, six linos in 
length ahd two lines in extreme breadth, which seems to be natural, though probably an 
individual variety. I shall return again to this fossil in relation to other charact(n’s. 

* MuohbIiIi’b ‘Three Expeditions into the Interior of Eastern Australia/ vol, ii. 8vo, 1838, pi. 48, 4-7, 
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§ 7 . Lacrymal^ massillary^ and •i)alatal charaoters of Phascolomys Mitchelli, Ow. — So 
much of the lacrymal ( 73 ) is fortunately preserved on the right side of the subject of Plate 
XVn. fig. B, % as to indicate the affinity of the fossil to certain existing Wombats. This 
bone, both in P 7 i(jsco^mys mmhatm* j)latAjrl\mm (Woodcut, fig. 5 ), developes 

a prominent tubercle above 73 at its upper border, below the fronto-maxillary suture 
(11-21). In PhasGolomys latifrons (fig. 6 ) a feeble swelling of the lacrymal ( 73 ), where it 



A 

Jjaisrymal &c. cliarttotors, Phmohmp hilfrons. 


joins the frontal (n), answers to the tubercle. The indications of a lacrymal canal are 
minute in all Wombats. The lacrymal of Phase. Mitchelli (Plate XVII. fig. 3 , 73 ) shows 
the well-developed tubercle {t) in the same relative position to thc^ fronto-innxillary suture 
as in Phmooloiiiifs vo'inhatus md Phase, platyrhinm: the bon(> auhnior to the tubercle 
is flatter, less excavated in Phase. Mitchelli than in those t‘xisting Wombats, and herein 
more resembles tljc; luci'yjnal in Phmcoloimjs latifrons. 

'The alveoli of the five upi)or molars of each side (Plate XVII. fig. 6, a, 4, m 1, 9, s) with 
the int(U'vc]iing i)art of tlui bony palate (ib. 20, 21) are preserved in tlic present fossil. 
The form of the lattcn* adlicros to the type of that of Phascolomys mnlatiis^ and Phase, 
yylatyrhimts (Woodcut, fig. 7 ) ; in Phase, latifrons (Woodcut, fig. 8) the palate (2(1,21) is less 
contracted anteriorly. The fore part of the postpalatal apertures (Plate XVII. fig. 5 , h) 
docs not reach that of the hindmost sochet {rn 3 ) in the fossil, which also in this respect 
agrees with Phaseolomys vomhatnsX and Phase. plaiyrMnus (Woodcut, fig. 7 , h) ; w^liilst it 


* Truns. ZooJ. 80c. vol. iii. pi. xxxvii. figs. ] & 2. It is also roprcsciitc’d in ri{j;9. 2 & .‘3 (jf I)r. Muiinj’s jiicrauir 
loe. cit. p. 81‘J-, 1)111/ tlio suliuro dividing: llic tuliorcular lucryniJil from tlic frontal is not mai'kod. 
t Trails, iiool. Soc. vol. ii. plate Ixxi. fig. ]. 
t Ibid. 
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differs from Phasoolomys latifrms (Woodcut, fig. 8 , h), in which the postpiilatal aiim-tures 
extend forward beyond, or at least as fer as, the interval between tiic hist and penulti- 
mate sockets*. In the more advanced portion of the roof of the moutli 1 noticed (in 
1846 ) a charactei’t in Fkmolomys latifrons by which it differed from Phase, vmihatiai, 
and as I now know it also differs from P/me. lilaiyrliinus. The iiortion of bony palate 



Palatal surface of upper jaw and teeth, 
Pluiscohmys j[ilaiyr1iinu&; iiat. size. 


between the molary series and the incisors is more concave transversely, or deeper, in 
Fha^cohmys latifrons (Woodcut, fig. 8 , 21, 21', 22, 22), and the channel is bounded by well- 
defined or sharp borders : this character is much better marked in the fossil (Plate XVII. 
fig. 5 , 21', 21', 22, 22) than in the skulls of Flmcolomys vmbatus or Time, 'jflaiyflmvA, 

. Another character in which the fossil resembles Fhascolomys latifrons more than it 


* la the latter variety (fig. 8) the apertures should extend more forward than is represented, 
t Traus. Zool. Soc. vol. ii. plate Ixxi. fig. 1. “ The palatal surface of the iatcrmaxillarics is deeper’’ (p. 30^), 
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does the otlier two recent species is tJic greater vertical extent of tlie maxillary (Plate 
XVII. figs. 3 & 4, 21 *) beneath the origin of the malar or zygomatic process (ai*) of that 
bone (compare witli Cuts 6 & C, ai*). I shall recur to this character in the description 
of another fossil of the present genus. 

^ 8. Vj)X)ennolars o/Phascolomys Mitchelli, Oiv. — ^The differential characters of those 
tecthj as compared with their homologues in Phas(:ol07mj8 vomhaius, have been elsewhere 
pointed outf. As to the two larger existing species, in the molar dentition of tlie upper 
jaw Thasoolomys Mitclielli more resembles the platyrhmc than the broad-fronted W ombat. 
In the latter the right and left upper molar series (Woodcut, fig. 8, da-ms) run more 
parallel to each other, are less convergent iiuteriorly, with absolute greater breadth 
of the bony palate there. The first molar (d a) in l^aaGolomys latifmis is, relatively to 
the second, larger in both upper and under jaws J. I therefore limit the <!ompavisou of 
the upper molars in the present fossil to those of l^hascolomys ylatyrhmm (fig. 7, d a-m a). 
The extent of the five alveoli, lengthwise, taken at their oxrtlets, is the same in both ; 
or at least the fossil (Plate XVII. fig. 5, d a~m ») exceeds only by about a line, giving 
2 inches 2| lin<;s instead of 2 inches 1 line as in Idiascolomys jylatyrhhms, I have seen 
•no example of Ffiasaolomyfi latifrouH in which the molar series extended beyond 2 incln^s ; 
it is commonly less, as in Woodcut, fig. 8. 

The alveolus of the first molar ( d a) of the fossil indicates a tootli not larger than in 
the Platyrhino Wombat. The other four molars, of which the first threse arc preserved 
on the loft side and the last two on the right side, closcdy repeat the charaettu's of these 
teeth in the Platyrhino Wombat §. This gives more weight to the differential (diaractcrs 
of greater length and less breadth of the nasals, the greater concavity and sliarper defi- 
nition of the diastomal part of the bony palate, and the greater depth of the maxillary 
below the anterior pier of the zygomatic arch in Flmcolomys MUgIlcIU. 

§ 9. Falaf/ine foramina in next proceed to notice Phascolomydian 

fossils from the freshwater deposits of QiiocnshtUid, in the interpretation of which some 
observations must bo pnanisf'd on the palatal foramina in existing species of Wombat. 

In luy first paper on the Osteology of th(^ Martiupvdia l state iliat J*ham)louu/ii roseiu- 
bles Fhasoolarcton and llypdprymms in having “ the posterior palatal openings largo 
and situated entirely in the palatal hones; and that posttn'ior and (ixternal to these, arc 
two small perforations” ||. In tlie otlior two species Q.diaaaolomyn lallfrons and l.dtfmv- 
lomyfi platyrhimiii) determined by cranial characters since tlie date of that remark (.1838), 
the generic characters of the postpalatal openings are repeated. These additional mate- 
rials sin've to test the statement that in Marsupials “ the perforations of the bony palate 


■ -t MiTOKBiii’s ‘ Threo Expodifions into tho Interior of Eastern Austi'alia/ rol. ii. p. 308, pi. 4S. Bee also 
■WA-TnnuoxTHU, ‘ Katural History of the Mammalia/ 8vo, 1845, p. 244. 

$ Xoc. cit. p, 304. 

§ The second molar is abnormally worn, tlirongh alight displacement of the opposing tooth, as happens in 
other partially enamelled teeth of perpetual growth, 

II “ On the Osteology of the Marsupialia,” Trans. J^ool. Soo. voL ii. p. 389. 

MDCCCLXXII. 2 B 
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deserve particular attention ; they are generally specific, and of consoquencc in the deter- 
mination of recent and fossil species^f. 

In the skull of the Wombat from Tasmania (Fhasc. wmdatus), figured in the same 
PaperJ to illustrate the palatal and other characters afforded by a basal view ot the 
cranium, the foramina are oval, the base which is behind being rounded ; but the small 
anterior end of the oval is so nearly pointed as to suggest tlui tcj’in “ triangular.” In 
two skulls since compared these foramina present the same shape and proportions ; in two 
smaller and younger skulls of Fhasc. 'uomhatus they are relatively smaller, and riithcn 
elliptical than oval. In two skulls of Fha^colomys i)latyThmus in the Oollectiou of tlu^ 
British Museum I note that the postpalatal foramina are longitudiunlly elliptical or 
oblong in one, and are triangular in the other ; the larger continental bare-noHcd species 
showing the same variety as the smaller Tasmanian Wombat. This, tlicireforti, is Jin 
exception to the general rule of the specific value of the postpalatal c!haract(a'§. The 
larger, especially the longer postpalatal varieties, encroach more forward and (;omc 
nearer to the transverse parallel of the anterior wall of the hindmost socket. Allowance 
must be made for this variation. 

In two skulls of Flmcolomys latifrons the postpalatinc foramina arc relativcjly hunger, 
especially loiigcj’, than in (uthor the Tasmanian or riatyrhino Woiuhjits, and they an? 
rounded anteriorly, hut less broad there than behind. 

Dr. MtJRiJii II notes the larger siise of the postpalatinc foramina in Phase. laUf rom ns 
compared with and I therefore attach the mon? value to the <iha- 

racter, as probably being more constant in the hdiifionl. sp(*ei(*s. It muHt, Imwevef, bo 
considered in connexion with the more constant cranial. (‘..iiai'actorH. The? fonowiiig 
fragmentary fossil from the “breccia-cave” of AVcllington Valley oxc'mpli-fics tlj.e iiccfl (.»f 
keeping this relation in view. The fossil consists of a loft maxillary jukI palniiiK?, witli 
the molar alveoli, fractured at both ends (Blate XVII. figs. T, tS) ; the; aiitcjrior fraettn-e 
exposes the socket of the first molar, d 3. By the anterior coutracliou of tin? ])aliit(i jmkI 
by the size and proportions of the alveoli the fossil Fhfisroloiays yhiiyi'hhufs', 

by the parallelism transverely of the fore part of the postpalatal a])orturo and tin? sanm 
part of the posterior alveolus, and by the height of the maxillary below tin: luidar ])i*oce.ss 
of that hone (fig. 7, si*), it resembles P/ia5Cf(/7on/;?y.s- laMfrons. By the combiiiii tiou of both 
■ characters it proves its relationship to Fhascolomys M.itchdli ; as in that s] )oci<;s the 1 u-t-zy- 
-gomatic ridge is less prominent or definite, and is higher placed tlian in existing 'Wombats. 

§ 10. Folate and upper molars, Phascolomys Mitchelli, fvoviL jyeslmater dipo-nts. 


t the Osteology of the Marsupialia,” Trans. Zool, Soo. vol. ii. p. 383. 
t Ih. plate bed. fig. 6. 

§ The skull of the Wombat, from New South Wales, with “twT» largo triangular liolos iu tlio cud of the 
palate,” was probably the only one in the British Museum Oollcction at the date of Dr. Uxtax’s oomiioxison 
of it with the smaller Tasmanian species, which he holicvcd to bo diTorontiated by the ** two modotafcc-Bwod 
oblong holes in the hinder part of the palate,” (“ Some Observations on the skull of Plmoolomyt vmbuimp 
by J. B, Obat, E.R.S., Proo. Zool. Sec. 1847, p. 41.) 
li ioc. (5»t. p. 8,44. 
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Queensland. — In a heavy petrified fragment of skull (Plate XVIII. figs. 1-4) f, including 
thcmolary series, upper jaw, and their alveoli, with the bony palate from its hind border 
or bar (a) to 4 lines in advance of the molars (ai, 21 ), the palate, as compared with that 
of the last-described fossil (Plate XVII. fig. 5), is more concave transversely, and its 
concavity is divided by a sharp ridge, extending from the interpalatine («o, 20 ) along the 
intermaxillary J palatal suture, as far forward as the second molar (tZi). 

The upper molars luive a somewhat zigzag arrangement : the second (Plate XVIII. 
fig. 1, (hi) extends more mcaiad than the first {(l:\) or the third (mi), the hind lobe of 
tlie third more so than the fore lobe of the fotxrth (m 2 ), and the hind lobe of the fourth 
more so than the fore l()])e of the last molar (nh a). This amingemont is also shown in 
the palatal view of the fossil of l*kasoolmiys MUchelli (Plato XVII. fig, 5), and by the 
alveoli in tlie more fragnunitary fossil of the same species (fig. 8) of the same Plate. 
The same character is seen in a minor degree in th(} outer contour of the grindiiag- 
surfaces. The antero-cxternal anghi of one tooth projects more outwardly than the 
post('.ro-external angle of the tooth in advance. This arrangement, a tendency to which 
has l)e<m noted in Dijn'otodon and No'Mmrmn^ is more marked in the I'asmanian and 
Platyrhino Wonihats, as in MiTCiuoriL’s fossil, than in Flmoolomjs latifrons. 

The iutermolary hony palate in the prostmt fossil (Plate XVIII. fig. 1), tliongh 
excoedhig in hnigth by the anhno-postorior diameter of the last molar tooth that* of 
F/mscoIomys laNfrons (Woodcut, fig. 8), is narrower anteriorly than in tliel species, 
without being so broad posteriorly. It fVtrther differs from both this, the l^latyrhino 
(Woodcut, fig. 7) and the Tasmanian existing Wombats, in the smaller size of the post- 
palatal foramina (ib, h)\ they are absolutely smaller than in F/mwlom//s nombafmi 
although the fossil indicates an animal as large as the largest F/mcoloniys platyrhimis. 
These foramina are, unfortunately, not incsexwed in the two previously described fossils ; 
but the anterior boundaries in the subject of fig. 5, Plate X.VI1, indu.'ate a size or breadth 
of the foramina o(p.ial to those in either the Latifront or I'latyiiune exisl/mg species. 

Th(J aidero-po.sh'rior extent of the inohiry ahr^oli, jaw, of the present fossil, is 

2 inches 2.j lines, which :is ('xjictly that in llu^ cave-fos.sil (l*]at(^ X.V1.I. .(ig. o) and in. the 
larg<.'st Phityvliiiie AVoJu'oat, lint ih.c pa.loic i" mn n)'.\er in the l>y 1 line posteriorly, 
besides being d(!(‘pt;i,‘ or nion^ coM<r:i.vc across, and divided by a mid ridge. 

The difitnciitial cliiir:i.ctcr nutiee(l iu tlie preceding fossils is hevti repeated, viz. the 
greater de])th of tlie oiit(.u- alveolar plati> of the maxillary (Plato XVIII. lig. 2, 21 ) below 
the zygomatic pr(.icoss (ib. 21 *); it is 10-^-liTMi.s in the present fossil, and the premas- 
setcric ridge or tuberosity (ib. m), less defined or prominent than in existing Wombats, 
is co.rrcspoiulingly raised above tlie alveolar outlets. 

The wtirii surfuc-es of the molar teeth are rather broader transversely than in Fhasao 


t This fossil was jiivsyaturl to tlio .Bi’itisl) jM'n.sonin, in .1.801, l>y (.Ikoruk Ukskkxt, Esq., .T\L.S. 3t is from a 
frosliwator tlfposit, '.Dorlinj!: Down.s. 

$ I nso the term to si'riri'ly ihe sutiivc botwcou tlio maxillary boaos, in. ii senso difforojit Iroin that in which 
it is sometiincK njqilied, vix. to the prcmuxillury bone.” 

2 n2 
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lomys i)latyrlmuSi and the inner ends of the two lobes arc more sharply, or loss obtiiKoly, 
angular than is usual in that species. The difference both in this character* and the 
breadth of the molars is also notable between the present and the first-described fossil ; 
but seeing the influence direction and degree of attrition have upon the size and shapt) 
of the grinding-surface of the molars, the differences noted may bo within the limits of 
that influence. In the subject of AVoodcut, fig. 7, d 4 had been abnormally abraded. 

The characteristic downbending of the hind part of tlio palatines, which forms a trans- 
verse bar (Plate XVIII. fig. 1, a) behind the postpalatal apertures (ib. h\ perforated 
at each end from behind forwards by a smaller aperture in the recent Woinbat.s, is 
repeated in this present instructive fossil (ib. fig. 4, d, d). 

This evidence of Phasoolomys MMielli (Plate XVIII. figs. 1-4), from fr(‘.sh water 
deposits, resembles JPhasc. ylatyrJdnus in the depth and position of the antero-iuterual 
longitudinal groove of d s, which tooth is wanting in the cave fossil, although th (5 socktit 
(ib. fig, 6, d s) indicates the same position of the groove. In Fliaficolomys lafifmw the 
fore part of d s (Woodcut, fig. 8) is less produced than in Fhaso. jylatyrhinm and F/umu 
Mitchelli. 

A difference in the grinding-surface of the upper molars and in tlu^ intervening bony 
palate between the subjects of fig. 6, Plate XVII., and fig. 1, Platcj XVIII. is apiu'ociuble ; 
but, as above remarked, the one may be due to a plniao of attrition ; and, mmH‘ovcr, tho 


outer side of the surface is slightly mutilated in fig. 5, Plato XVIII. ; whilst thevaru'ty 
in regard to a rising along the mid palatal suture in the Platyrhino Wombats warns 
against fpimding a specific distinction thereon. 

These characters arc of the less consequence, since, where they ar(‘ not prt'sevved in a 
fossil, there may he otliors which allow of no such hc.sibitiou in i‘('gard. to tlic spt'cidc 
distinction of the Wombats ; as, c. (/., in the case of that to which the fragiiicmt of skull 
about to be described belongs (Plato XVIII. figs. 5, 0, 7). It is a, portion of the bfl't 
maxiUaiy with the bony palate intervening between tlic left and right molary scjrujs, thci 
left series being in place (ib. fig. 7), the right rcprcjscnted by the second iriolar and tlic^ 
alveoli of the two following teeth: the extent of the loft molary scri(;s at tlunr issue 
from the alveoli is 2 inches 2 lines. 


The chief value of the present specimen is the character of the malar j)V(>c(\sk of thc'. 
maxillary (ib. fig. 6 , ai), which, is preserved with the beginning of the attached part t.)f 
the malar (ib. ib. sc) on the left side, showing thcj malo-m axillary Rttturo. To this help 
in the determination of fossils of the marsupial genus under consideration I wa.s Icjd by 
the following comparisons. 

In the laigest of three skulls of Flidscoloiuys vonibdtiis available for the purpose, thcj 
left upper molary series, taken as in the fossil, does not equal 2 inches ; it falls short by 
nearly a line. In the specimen figured in my “Osteology of the Marsupialia”*, it is 
1 inch 8 lines ; in the next in size it is 1 inch 10 lines ; in an evidently younger Wombat, 
vrith all the molars in place and use, the series is 1 inch 7 lines. 

• Ti-ans. Zool. Soc. vol. ix. (1838) plate Ixxi. fig. 6. 
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These five cvor-growiiig teeth gain in fore-and-aft as in transverse diameter, until the 
full size of the individual is attained ; they grow with the growth of the skull, though 
in a minor ratio ; and I have no evidence of their exceeding in size the teeth requiring 
the extent of alveoli noted in the largest of the cranial specimens of Vhmo. vomhatus 
before me. 

Now in this, as in the second-sized skull, the lower border of the malar process of the 
maxillary bone is G lines above the margin of the outer wall of the alveolar opening of 
m a ; in the younger and smaller skull it is 5 lines. In all the specimens the maxillary 
contributes to the inner and lower part of tlio beginning, or anterior pier, of the zygoma, 
speedily narrowing to a point as it passes backward on the outer side of the arch, where 
it ends about 7 linos from the back part of the origin of the process ; the depth or vor- 
tical diameter of the outer side of the base of the zygomatic process of the, maxillary is 
about 2 lines. 


In the skull of a Phascolomtjs latifrom with an upper molary scnies, taken at the 
alveolar outlets, of 1 inch 10 lines in extent, the malar process of the maxilhuy rises 
7-J- lines above the issiw^ of the second molar, there contributes lines in depth to the 
under and fore part of the beginning of the zygoma, and narrows to a point 7 lines behind 
its origin. In another skull of l^hrmolomys latifrons with a molary series of 1 inch 
1 lino in extent, the maxillary process rises 8 lines above the outlet of the secjond molar, 
and coti tributes a similar small proportion to the uiuhn* and loro part of the zygoma. 

In th(? skull of a Fhascolomys ylatfrlvlnim with a molary series 2 inches 1 litu) in extent, 
the malar process of the maxillary (Woodcut, fig. 5, ai*) rises C lines above the outlet of 
the second molar, and contributes SJ- lines to the vcuticul extent of the beginning of the 
zygoma (aa), which hero has a total depth of 1 inch 4 linos ; the process (ai*) decreases to 
a point at 9 linos from its origin. 

In the fossil (Plate XVIII. fig. 5) with a molary scries of the same extent as in the 
last skull, the malar process of the maxillary (ai) rises 9 lines above the outlet of the 
molar, and (,‘oiih-ibut(;s 7 lines to the vertical oxtcait of the fore part of the zygoma (ao). 
Th(i difierout relation of the nuilo-maxillary suture to the prcmassotcric ridge {m) is 
strongly marketl hetwee-n the fossil and any of the recent species of Wombat, the 
interspace between the front ])lcr of the zj'gomatic ai'cli and the alveolar outlets being 
niucli greater in the fossil. 


In tlic extent, especially hinder hreadtli ami feeble concavity, of the bonypalatc,P/f(5W- 
ivlimys iilatyrhiiai^ TciQHt resembles tlic present (ib. fig. 7) as it docs the preceding fossil; 
but the zygomatic character only stands out the more strongly in connexion with this 
resemblance and the general size. 

In 'PhaM'olomys wmlaim the form of the palate resembles that in Phascolomys pla^ 
tyrkhms. It is rathc'r more concave in some individuals than in others in both species; 


•and in the I^latyrhinc "Wombat I liavc noticed a slight mesial ridge along the bony palate. 

In Phascolomys latifrons the palate is not only more concave, but is wider anteriorly, 
less triangular ; and at the hind part formed by the proper palatine hones, their median 
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suture rises as a longitudinal ridge dividing the bony palate there into two concavities 
or longitudinal channels, leading backward to the postpalatal apertures. 

§ 11. Mandibular characters of eucistmg Wombats . — ^In differentiating by cranial 
characters the species of Wombat called l%asooloinys latiJro7is, I noted, in comparing 
it with Fhascolomys mibatus^ that “ the curve of the lower border of the lower jaw’ is 
much deeper, the inner angle of the condyle is less produced, the coronoid proci^ss is 
higher and narrower, and the postsymphysial depression is almost obsolete in tluj I iUti* 
front Wombat”*'. With the exception of the latter particular, which is variable in both 
species, subsequently acquired skulls have confirmed the constancy of the above cbaruc- 
ters. They likewise serve to differentiate the mandible of J/hasc. latifroos from that of 
Fhascolomys platpdmuSf exce'Tgt tha,t the coronoid process rises higher in the platyrhino 
species (Plate XXII. fig. 2, c) than in the Tasmanian Wombat (ib. fig. 1, c) ; but the? 
broader proportion of the process as compared with that in the Hairy-nosed Worubtit 
(ib. fig. 3, c) is retained. The deeper curve described by the lower contour of tlu^ jaw 
from the neck of the condyle to the incisive alveoli, as shown in fig. 6, Platci xxxvii. of 
the nnclorcited volumef, is a constant and well-marked character o£ Flumohnnys laiif rons ; 
so, likewise, is the less produced inner angle of thcj condyle, shown in fig. 7, c of tlu^ 
same Plate. In both the Tasmanian and Platyrhine Wombats this uugh^ is more pi’o- 
duced and deflected. 

The diastemal ])i\vt (Plates XIX., XX. & X,XI. I, .s') of tlu^ long symphyKis (ib. .v, .s') is 
subject to some variety in existing Wombats. In tw'o mandibles of FhaMndomys plafy* 
rhims^ in which the length of the series of molar alveoli is 2 iaicliea 3 lines, that of the 
interval h('[, ween th('. first alveolus and the ihnmiost aiighj of the symphysis is, in one 
skull, 1 inch 7^- lines (Plate XXI. fig, 2), in the other 1 iucli (i-A liiujs; lln‘ breadth of 
the diast(nna, inichvay, is tlu^ same in both. viz. 10 lines. 

In a mandible oi Fhascolomys laiifrons with the molar se.ri(;s of alv'cioli 2 ijiches in 
extent (Plate XX. fig.l), the diastema (/,«'), taken as ab(jve to tlie foronost ])oiul; at 
the interspace of the incisors, is 1 inch 6 lines; in a second mandible W'IIIl the molar 
alveoli 1 inch 10 lines in extent, that of the diaHtema is also I incli (i lines : tJu'- In-eadtli 
of the diastema, midway, is in the first miuidihlc 8 lim.'s, in the scicond 7 liiuis. 

In the two mandibles of the Platyrhino Wombat compavciid, the diastema, is slightly 
convex both lengthwise and across; it is travcrscil by a pair of shallow longitudinal 
grooves, and is not sharply dtvfined from the sides of the symphysis. In a third mandil.)l(j of 
the same species (Plate XIX. fig. 2, 1, 1) the defining liclges are better marked, the traiis- 
verse convexity is loss so ; and this part of the symphysis is ratlxer longer and narro^veJ• 
than in the other two mandibles. In these respects the third mandible upproaciies 
nearer to Fhascolomys latifronsi but it differs, as do tJio other mandibles of the same 
species as well as those of Fhasc, vombatust in the larger, especially broader, incisive 
klVeoli, and in the oblique course of their upper margins from the mid line of the sym^* 

*,«Ou the Osteology of the MarsupioKa” (Part II.) (1845), in Transactions of the Zoological Booioty, 
vbl. in. p. 304, phite xrsvii. figs. 2 &'5. f Trans, Z'ool. Soo. voL iii, ■ 
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,pliy«iH outward and backward. The fore cud of the symphysis of latifmis is at 
once recognizable by the narrower outlets of the incisive alveoli, and the more transverse 
course of their tipper border (Plate XX. fig. 1, s'). The lateral borders of the outlets 
are also more nearly vertical, and do not slope backward as they descend, like those of 
the incisive alveolar outlets in Flmscohmys platyrhmis and Flmr. wmhatm*. 

With the narrower alveoli associated witli the more compressed form of the incisors 
of Phase, latrfrons, one may predicate of a generally narrotver diastemal part of the 
symphysis, the upper surface of which, with a mesial canal towards the end and the two 
parallel longitudinal grooves obsolete or nearly so, is bt^tter dedined from the sides of 
this part of the symphysis. In one jaw of Phase, latifrons the defining ridg(is arc sharp, 
and the intervening upper surface is concave transversely to near the incisive outlets, 
where the defining ridges subside. I may note that tin; anterior outlet (») of the dental 
canal in three mandibles of PIamH'>hmys pilaff is 1 inch 4 lines, or 1 inch 5 lines 
behind the foiximost point of the symphysis (Plato XXII, fig. 2, v ) : in otuj mandible of 
Phase. latifruHs (ih. fig. 3) it is 1 incli hchincl the fore end of tlio syinphysiK, in another 
mandihlo it is 10 lines from the same part. The foramen is more anteriorly situated iu 
the hroad-fronted or hairy-nosed species : it opens muiror to the molar seric.'s in Phase, 
votelaias (ih. fig. 1, ?j)f. I may further note that in tin; inaiulihl(;s of two individuals 
examined since dc;scnbing that of the type skull of Phmeolomys latifrons, the intercom- 
municating foramen from fho entry of the dental canal to the ontcjr stirfiuK; of tin; bases 
of the coronoid is smallcnr in one;, as in the type mandible, than in tlie Platyrhino and 
Tasmanian Wombats, while in the oth(;r it dc)<;s not exist. It is interesting to find 
this variety, hccanse, in tlie great Plimtodoit' and Noiothere, with some affinities to 
Phaseolomys, the absence of the ])erforation of the base of the coronoid process is the 
rule, as in the Marsnpialia generally. 

The first lower molar (i^a) in Phase, latifrons (Plato XX. fig. 1) has a .suhcpindratc 
transverse section ; in Phase, i>latyrlmm (Plate XIX. fig. 2) and Phase, romhatvs (ib. 
fig. 1, (I a) it has an elliptic or ellipsoid transverse section. ■■■ ■!.:■■ ■ (Ifiah; 

XXII.,/') of tlu;' ramus asceud(;ns, or “ (‘Ctocrofapliyte cavity,” is hjss <!(;<■[) i3i Vlu(.se. 
latifivns (ib. lig. .•>), and shallows more gradually forward, tha.ii iu the hare-nosed recent 
speebis (ib. figs. I Sc 2); tluuulU'.cted angle, (a), viowtsl from below as iu Plate XX TIT., 
ba.s a broader base in proportion to its length, and is not produced so far or directly 
backward iu Phaseolomys latifrons (fig. 3) a.s iu Phase, idatyrhiniis (fig. 1). 

§ 12. MandihiUar characters of extinct Womhats similar in size to the recent si>e(des. 
— I now proceed to apply the above characters and comparisons of the mandibles of the 
known existing kinds of Wombat in the attempt to elucidate the fossil mandibular 


* TUis latter character differentiating Plmcohmys from Vlmc. latifrons is shown in figs. 3 c & 7 c 

of plato xxxvii. tom. dt. 

t This character is shown in tho figures of tho mandihlo of tho Tasmaman and Broad-fronted Womhats in 
plate acoevii. of my second memoir, (tom. dt.)} hut I could not then, as. mow, depend upon the bonstaacy of 
such character. . . ‘ , 
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evidences of similar-sized Wombats, of whicb I have received or worked out twelves Hp(>- 
cimens from the breccia-masses transmitted to the British Museum by the Trustees ot tUc 
Australian Museum, Sydney, New South Wales, in conformity until the desire of tht^ 
Colonial Legislature, and in connexion with their liberal vote in aid of further exi)lorati()nH 
of the bone-caves discovered by Sir Thomas Mitohull, C.B., Wellington Yalk^y. I’our 
other and more complete specimens are from the fresluvater dc])(>sits of Q\iccnsland. The 
first of the cave specimens which I shall describe consists of the almost entire .symj)by.sis 
(Plate XX. fig. 2 & Plate XXIII. fig. 4), and it is the only specimen from the breccia 
which shows this instructive part of the lower jaw. With the boin^ arc includ(‘(l 
implanted bases of the incisors (i), the three anterior molars of the right side (d a, d 4, m i), 
and parts of the fii'st and second molars of the left side. The upper surfiice of tin* dia- 
steraal part of the symphysis (I, s) is concave transversely, divided by sharp margins from 
the sides, and has a mesial longitudinal channel at the anterior third, witlioutthe ])air of 
such channels. Lengthwise the upper contour of the diastema is slightly concavt^ (Plato 
XXII. fig. 7, 1, s'). Prom the fore part of the anterior molary alveolus to the brokem end 
of the symphysis is 1 inch 6 lines ; the breadth of the symx)hysis midway is 9 lint\s. 8o 
far the fossil shows a closer affinity to Phasaoloim/s laUfrons (Plahi XX. fig. !l ) than to 
the other two existing species, and more especially to the variety, fig, IX, ITatc XXU. 

This affinity is more dccisivdy shown by the form of the incisors in trails v(n'S(! soction 
(Plate XX. fig. 2, % i) and of the anterior molars (ib, <l »). 11 u? ouanud covi'rs and 
defines tbe lower broad flattened side of the incisor, bending up a littk^ way upon liotli 
outer and inner sides, Avhich converge toward l.ho upper, iiarvower surfact^, but urnupuilly ; 
the outer surface descending therefrom, at first more vc.rtically, toward the base, while 
the inner surface slopes to tlic mid lino of tJic symphysis ;i.s it descends, 

Xlius tliere is a greater interval between the upp»jr than the lower sides of the two 
incisors; the vertical exceeds the transverse diameter of the transverse section of the 
tooth. In these characters the lower incisors of the fossil agree with those of Pham)^ 
lomys laUfrons, 

In the Platyrhine and Tasmanian Wombats the transverse prevails over the vcrtio-al 
diameter of the exposed end of the incisors, and the enamel bonds up from the lower along 
the outer surface nearly to the upper one, describing a uniform convexif.y, tuuisN'ci'scly. 

The fossil adheres also to the latifront type in the shape of tb(^ lirst molar, d :i (fig. 2, 
Plate XX.), and resembles the Hairy-nosed Wombat in the size of its molars, wliicli is less 
than in Phascoloniys ylatyrUnus (Plate XIX. fig. 2, d a, d 4, m i). But the following 
differences present themselves in tbe comparison of the present fossil with the corvo- 
spondiug part of the mandible of Phascolomys laiifrmis. In that species the upper 
, transversely concave intermolar part or surface of the symphysis docs not extend ba(.:lc- 
ward beyond the alveolus of the second molar at the third molar the inner wall of the 
jaw :soon changes its concavity for a convexity bending down to the back part of the 
symphysis. In Phascolomys ;platyrhinus the concave upper surface of the symphysis 
extends further back, and th character is exaggerated in the fossil ; for the inner wall 
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of th(^ soctkct of tli(5 third niohir (Plate ’XX. tig. 2, m i) arches inward as it descends, con- 
tinuing the diustonial transverso concavity to that part of the molar series where the 
liinder fracture of the present f{)ssil has occurred, exposing the long curved implanted 
part of the third molar (m i, fig. o). 

Another difFeron(;c is seen at the under part of the symphysis of the fossil (Plate XXIII. 
fig. 4) as compared with that in the latifront species (ib. tig. ;>). In this the longitudinal 
contour is convex, concurrently with tlie greater general convexity of th(3 curve of the 
lower border of the mandible (Plate XXII. fig. Jl) ; in the fossil (ib. fig. 7) the lower 
surface of the symphysis runs straight, or very nearly so, from the Ihnd fracture to 
th,e outlets of the incisive alveoli (.s'), along a pr«‘Herv('d .syinphysial extent of 2 inches 
8 line.s. It is interesting to s(‘e that lua’e, again, the fossil resembles the Platyrhino species 
(Plate XXll. fig. 2), tht3 ohhu’ spedtean form combining to a c.ertain extent characters kept 
apart in still existing species of Wombat. Xovertholes.s the mor(3 essential restnublauccs 
ar(3 to th(3 l^hasvoloimjH latifrom. The pair of suhsymphysial foramina (ITate XXIII. 
fig. 4, r) characteristic of the Wombats are wider apart (4 linos) than in the Platyrhino 
(ib. lig. 1, r) and Tasmanian (ib. fig. 2, r) species, and show rather the latifront character ; 
they have the usual relative position to the fore and hind (iiids of the symphysis. 

The specific distinction betwcjcn the broad-fronted (Plato XXII, lig. 8) and other exist- 
ing Wombats (ib. figs. 1 2) afforded by the asctuiding ranuis of the mandible induced 

attention to all the cav(3 fragments of that part of the lower jaw, ami led to (nir{jful 
removal of th<5 matrix from botli the outer and inner dcipressions. T’hi.s hi’onglif. l.o light 
the modification of the lower part of the (ud-ocrotapliytf) depression (/) shown by the 
subjffcfc of fig. 0, Plate XXII. In the minor depth of the huso or lo\v<,‘r part of that de- 
pression th(} fossil mandibular fragment agrc'os with '.thascoLomys lalifrom (ib, fig. 8,/), 
and more c.spocially with the variety above notc;d with the absence of the transverse perfo- 
ration (Plato XXIl. fig. 8). The part of the base, or below the ba‘^('. of tlu^cormHvld in 
th(3 fossil wlifu-e th(! cnnrd opens externally in the normal mandibles v\ ! 
is entire; it is also less depre.ssed there than iii tlm pci't'ora.!'* \'ariei.\. Prom this and 
the normal mandible; of the latifront spechistlie fossil (Plah! XXIl. Jig. 0) differs in. tlie 
relative position of the antmior begimiiiig of the “ ectocrotaphyte ridge” (//) or that 
bounding below tlu! (ictociotaphytc deprcissiou (/*). In th(J (hi’tie receul: species (ib. 
Jigs. 1, 2, ,■>) this ridge (//) Ix'gius near tlu; lower binder of the .ramus; in tiie fossil 
(ib. fig. 0, //) it begins midway betwiaiii the lower and (.i^jper borders, and on a vertical 
parallel witli the third or ante peimlti mate molar (??i i) — consequently more in advance 
than in the recent Wombats, in wliich both the ridge and tJie base of the coronoid (^) begin 
below the fore part of the penultimate molar (m a). Both penultimate and last molars 
are in place and are worn in the fossil, so the diffei'enccs above noted cannot relate to 
nonage. Tire beginning of the ectocrotaphyte ridge is 10-J lines below the outlet of the 
first division of the alveolus of m a in Phase, latifrom (ib, fig. 3, A), and is 1 inch below the 
same part in Phase, j^latyrMnuH (ib, tig. 2, h) ; in tlie fossil it is C lines below the hind 

* Trana, Zool. Soo, vol. iii. plate xxxvii. fig. 5. 
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division of thu alvo.olaH of m u Tlu^ antenur origin of tlu^ cmHmoid upjH'iirs to 1)(‘ ]n’o-* 
|Hn'lioniiIly advanced in ilnj fossil. The outer surruets of (lie ramus below Ihe beginning 
of the ectoerotapbylio ridge slopes more gradually inward uiuUo\v(?r down before passing 
in(,o the broad under surface of the jaw in the fossil (l.daie XXIL (ig, b). In tin* 
recent Wombats the same surface curves, with a stronger and shorter eouvesitv, into the 
lower hord(o% yet lt‘ss abruptly in /V/r/se, httifrium (ih. iig. d, k) t,huu iii /Vewf*. ptaty- 
r/iiiius (ih. fig. /•). 

The er.talv(‘olar groove is longer, deeper, and narrower'in the fossil (1 Mali ^ X 1 X. (ig. .‘I, //), 
owing to the more advaiua.'d origin of the coronoid (//) and its gnstter proximity l.n (he 
last (avo alveoli (nt a, ma); this difleri'ulnal character Is still more- marked as tsnupared 
%Yit.h the ITatyrlune species (ih. fig. 2, n), h'rem so much of the entocrolaphyte ridge, 
or anterior begiuuing of the iuliected angle, as is pr{*s<‘vvetl, the ilegree of iidletd-iou 
ajipears to have been loss in this fossil (Plate XXllL ftg. 5, (f) than in the recent spis-ies 
(ih. figs. 1, 2, a), ’^I'lie surface broa,dening as it reci^diis, lietweeu the ec(o- and ento- 

crotiiphyte rhlgos, is not only flattened hut hecomi's rather concave iu the fossil toward 
the inner border. 

^riu* tW'o hindmost; molars in place (Plate XIX.. iig. yy/, :») are narrower than 

iltose ill I'hcm, (Plate XX. (ig. I, ni. a, /Ma), as are tin' anterior molars in (In* 

fossil previously described (ih. fig. 2, f/a, di). To the spee.ies represented by the last- 
cited .fossil, I am disposed, from the n’semhlaime oftho sympliy.sis to llml in (lu^ huper- 
forute variely of /dututu to refer (he present fossil, d’hey mi/dit he parts of the 

Kame innudihle, as well as of the Hume species; hut more complete sp<‘rimens must; con- 
firm or cfoniuie this supposition. U is cerbahi that hotli fossils show tlu‘ ueurest rt*scm- 
hluuc«.i to tlu,i mamlihiilnr imperforato variety tjf Phumdtmij/H lafifrom above named, 
yet 'with marked difrcnaiees, In value cipiallhig those inierpi’etetl and a-cceided as 
specitic. The ])a.rt of tlu' dental camd which courses along iln; inner side of the molar 
idveoU and the bottoms of the bust two alvc'oli are exposed by fmeture of the thin film 
oflauKi originally eoveriiig them. 

Ill reference to the oliaraeUa'S of the tuo jiortlons of fo.va] nmiidibh* ahovtule fined, ns 
they plainly jn.Ml,iIy the inference that tlc'y Indongetl to a, spi cies of .PlnfutiulotiUlH us 
di.sliuct from the Uirei: accepted n'Cinit spech'S us those differ from (nje another, eacli 
might h«i iiuhcated by a specitic name; ami it may nltimatoly prove that tluiy do belong 
to distiimt species. 

The .same remark applies to both or either iu relaii(.m to the maxillary fossil fi-om 
tlie same cavern (Plato XVil. figs. 2 & i») which 1 have refinTi-d to a. J*litcm)loiiif/{< 
Knifftik 

CouHulerIng, J) owe ver, that the two portion.s of mandibles comhine, 1ik(‘ that maxlllai'y 
one, characters of affinity to Vltmvolmnyst f.tUijyoun with didlnentinl ones forbidding a 
roforenco to that species, it may he, and may ho probable, even, that they all belong to 
tins same extinct species. I prefer, therefore, to indicate them asjiarts ui a Phunvultuntj.'i 
Krfifftiii and leave to those who may be so fortunate as to obtain evidmici! to the con- 
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trary, to iinposo tludr own H])ecific donomiiuitions on tU('. so demonstrated distinct 
of Womba t. 

§ .1.0, Jlf/iHliZ/iUar /imii.'t /;/ riiascoloinys latifrons. — Of six other laandibular 
m(‘nt.s s]u)winj.»’ tlie hmj i)ai't of the cctocrotaphyto (hiprossion, two mutiUitijd right 
(Plat(5 XX 11 . bg’s. 4 5 ), by tin; gradual begimiiiig and d(?gvec of deepening of 

df^prossion ( /), agnu' with tluj ixaibrate or normal mandible oi I*hmr,oiovf,ffs /ff.tij 
Tln^ outer ori(i<:c 5 of tln^ traiisvca'se canal or perforation (ii). holds tin? siune po 
in tlu^Ko f{?,ssiLs: one of ilnnu (il). iig. 4 ) includos tin? four anterior molars and tho s 
of the lifth; tin; otlna* (lig. 5 ) inchnb's tin? four post(?nor molars. The :for(?-a] 
c?xt(.?nt of tlie stii'it's oi' five s!)ckt?lH, in each .sp(?e.im(‘n, is 2 int?h<?s, tin? d(.?pth of tho 
dil)h? at the back piirt ol' tin? symphysis is (in fig. b) (i.j lines; in iig. 4 it isl ii 
lin{?s. M'ln? e(?iiih<'ola.i' p,roovr‘ (Plate XIX. fig. 4 , n) is nsirrow. The inner wall <; 
ramns, forming llmt of lln? second (c/ n) jind third {<l 4) s()(?la?ts, descends men? vertu?alb 
in tin’ iir.st do.se.ribed iVap/ment (Plato XX.. Iig. 2 ), or in the? Tjismauian (Plate. '.XIX, 
ainl Jdatyrliim? (ib. fig. 2 ) VVombaLs. 'flie hind e.ud of the sympliysls is on tin? v< 
parallel of tin? intt?rval b<‘tw't?en <f- 1 mnl //ii, i, or not furtbt?r baelv, than the middle 
(Plafe ,\IX., .Iig. 4 , ,n'). In both Un?s(.? characters tin? present fes.sils come iieari’r 
latifront spetties (Pljiii? .X.X. llg. I, «s‘) than to tin? Platyrliiin? and 4 asiuMniaii Woi 
I’he first molar {d u) rejiejifs the formal eharac.i tin’s of that tooth in the Phaav, hffl^ 

.1 eouclude, therefore, thal: the mandilndar fossils under deseriptieu huhmgei 
‘Mmirv-nosed” Wombat, and one ii<‘ar{?r to the existing’ speeie.s than the pr<‘eeding 
(Plate .\X, Iig. 2 ), In '\vhi(?h. tin? symjihysis a]jp{?arH to Iiitvi? extenileil a.s far had 
d(H?H in Iduimdiiuiiiii 'idatUjrklnm (Plato -XI.X, liK. a). 

§ 'M. ^hiujlthUar o/' .PJiaHeolomy.s M.itdn?lli . — 1 now'^ come to uimn 

fossils whic.li, in. f.he di‘pth of tin? base of the? (?ctocrota])hyte depression (Plate? 
Iig. 5 ,/'), re.si?mhl(? the 4 'a.smauian and Plat yrhiue Womhahs. Pour of iliesc? ha 
oiitire molar series iu plaei'. In oin? (Plate .X, 1 X.. Hg. 5 ) the (.‘Xt(?nt of the S(?rl 
inches 2 lines; (he fir.d. m olar, however (d .1). a;.p-e.’' in shaj)e ainl si/.c with that in . 
hiUfi'otrA (Pla(e X , Iig;. 1, c/ a). 

'I'ln? (rausVJ’Vse efnicii'. ily of the iiiut?r ^vall, e.ontiinii’d from (he first and stjcimii 
sookel.s and upon lln.' symphysis Inilf uu Inch In advanei?, mori? i’estanhli’s iJiat in i 
p(?rlf)ra,te varii'ty of the IjatifVont Womba.t than i.u any fil.lier uianilihle of ri'ci-ul; s 
4 'ln? symphysis (Phil.i? XXf. Iig'. (k *■) dot’s ind; e.xl.ead .so far ha.ck as hi tJie 4 'a.sr 
(ih. fig. L s) a.nd .Platyrliim? (ih, fig. 2, .sj ^Vtnnhats. .I'Voni the fore part of th 
■molar sockol; l.o the? hack part of tin? upper division (ih. .fig, f», a*) of tlio syn.R 
surface, iu. llie fossil, measures 1 incli ; and tiii;.-i part of the symphysi.s i.s 011 tin? 'v 
parallel of tlie hind lobi? of tin? sccoinl molar. T’lie lower division (a) tornduatos 
jSg. 4 , below the InterN'al betwcmi 0,4 ik. rn. 1. 

T'ho fore part of tln^ root of tlu? coroiioi<l, in the fossil (ib. tig. 5 , <7), .stands 01.1 
the alveolar Avail of the j)oiudtimate molar, as in Jdntiic, lalifrom; not from, that 
last molar, as is the rule in tho XiLsinauiau ('Plato XXII. %. 1, (7) and Plalyrhim? ( 
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2, (j) AV onibats. The extent of the molar series and the sizes of the individual teeth 
aec'.ord, save in the narrower cliaracter of the lower molars, with the teeth of the upper 
jaw in the subject of iigurc 5, Plate XVII. If these fossils are maxillary and mandibular 
specimens of the same species of Wombat, the lower molars are relatively narrower trans- 
versely, compared to the upper ones, than in any of the existing species. 

In the mandibular specimen under consideration we see combinations of characters 
confined severally to distinct species in existing Wombats. I am disposed therefore, 
and for reasons above assigned, to refer this mandibular fossil, with the maxillary one 
above cited, to Phascolomys MMclidlL 

A second similar specimen of loft ramus, including |)art of the symphysis and of the 
ascending ramus, has a molar series 2 inches in extent, and, as in fig. 5, Plate XIX., the 
teeth have the general characters of those in Phmcolomys lat'ifrons ; they are trans- 
versely narrower than in PJmcoIomys vomlatics or Pkaso. jdatyi'kinus. The ectocrota- 
phy to depression is deeper than in the perforate mandible of that species ; the perfora- 
tion (p) here shows a similar position and size. The depth of this fossil jaw at the back 
part of the symphysis is 1 inch 6 lines. The symphysis terminates below the interval, 
between the second (d -i) and third (m i) molars. T'lie cctalvcolar groove is wider than 
in the subject of fig, 3, Plate XIX., hut is deeper than in the Platyrhinc and Tasmanian 
Wombats, Tlui symphysis is not bilobed behind, as in fig. C, Plato XXI. ; hut this and 
thr^ beibrouuuitioncd difference's from that subject probably (‘xemplify the ratigc and seat 
of variety in the mandibular cliaraotcrs of one luid the same spcxdcs. 

Th<^ characters noted in the subjects of figs. 4 & 6, Plate XXIII., of fig. 4, Plate 
XXI., and of figs. 2 & B, Plate XX., arc of specific value ; but, as in the maxillary 
fossils (I^lato XVII. figs. 1 & 2), I do not feel grounds foi* indicating, after comparison of 
the mandibular fossils from the Wellington-Valley hreccia-cavcs, more than two species 
of a size not exceeding the known existing Wombats, and not referable thereto. 

§ 15. Mandihilar aharacters of Phascolomys Thomsoni, Ow . — From the freshwater 
deposits of Queensland I have received mandibular fossils of the genus PJiascolomy.% 
which, with dec-roaso of size, show characters not in accordance with those of any of the 
cave fossils. 

The subject of figs. 8 & 9, Platen XVIJI., and fig. 7, Plate XXI., is a right mandibular 
ramos, -with slight niutihition at both ond.s. In the lower contour of the jaw, the depth of 
cctocTotapliytC! depression (/}, the breadth of the cctalvcolar groove (w), the position 
and siz(! of the intercommunicating foramen (j?), the shape of the anterior molar (da), 
and the shaju) and proportions of the incisor (X), so far as these arc indicated, the present 
fossil agrees with p/iaficolmiyfi platyrlimm^ and differ, s from PhoMloviys latifrom and 
Vhasa. M'itrhclli. It agrees, however, with these, and differs from both, the bare-jioscd 
AVombats, in the r(.dativ(^ position of the back part of the symphysis (Plate XXI. fig. 7, s), 
which, docs not extend beyond the vertical line dropped from th(‘ front lobe of m \. 

The grinding-surfacc of d s (Plate XYIII- fig. 9) is an ellipse with tlie long axis noaily 
parallel with tliat of the mandible. The outer side of the incisor is trfinsver.?ely convex. 



PEOFESSOR owm ON THE EOSSIL MAMMALS OE AESTEALIA. 


193 


and curves uninterruptedly to the underside, as in Phase, j^latijrhinus and Phase, vonir 
hatus. In size this fossil does not exceed the Tasmanian species. The antero-posterior 
extent of the working-surfaces of the five molars is the same, viz. 1 inch 11 lines; but 
the teeth are rather narrower transversely, and the last molar, especially its hinder lobe, 
shows a greater decrease, as in the Hairy-nosed Wombat. 

I indicate this modification of Phascolomys, from which the present fossil has been 
derived, by the name of the late estimable Professor of Geology in the Sydney University, 
New South Wales, Alex. M. Thomson, D.Sc. The specimen is from a lacustrine 
deposit at Gowrie, Darling Downs, Queensland, and was presented to the British 
Museum by Sir William M^Aetiiur, Bart. 

§ IG. Mamlihular fossil o/' Phascolomys xfiatyrhinus, Oio . — The subject of figs. 3 &;4, 
Plate XX., well exemplifies the dififcrences by which Phascolomys jjlatyrJmms differs 
from Phascolomys Thomsoni. The symphysis has the same backward extent and relative 
position to the molar series as in the recent specimen (Plate XIX. fig. 2) ; the character 
of the upper surface of the diastemal tract (1) is repeated ; the formal characters of d s 
and of ^ in the fossil are precisely those in the recent continental bare-nosed Wombat : 
in size the fossil equals the largest living specimen of that species. The antero-posterior 
extent of the molar series is 2 inches 2J- lines. The shape and proportions of the molars 
characteristic of Phascolomys ^latyrUnus are closely preserved in the fossil. It was 
obtained from the bed of a tributary of the Condamine Eivor, Queensland, by Edwaed S. 
lIlL]., D.s([., and shows that the characters of the actual Platyiiiine species were esta- 
blished at a period coeval with the existence of Diprotodon and Tkylacoleo. 

§ 17. MaMlihular mid lower molary characters of Phascolomys parvus, Oic . — ^With 
present evidence of the constancy of size of the molar series of teeth in existing and 
extinct species of Wombat, such series fully in place and well worn, having a longitudinal 
extent of 1 inch 6 lines, cannot be referred to a species with a longitudinal extent of 
molars never less than 1 inch 9 lines, and usually more : as, e. f/,, in the Tasmanian 
Wombat, which is the smallest of the known existing species. The series of molars in 


Plate; XIX. fig. C, contrasted with those in fig. 1, is implanted in a mandible of similar 
small si/e (Plate XX. figs. G & 7). In the lower contour, the depth of the ectocrota- 
phyte fos.sa (/), the breadth of iLo cctalveolar groove, the shape and size of the incisor, 
and tln^ shape of the grinding-surface of the anterior molar (d a) this fossil agrees with 
Placwolomys jdatyrhums. But the symphysis (Plato XX. fig. 7, a) does not extend so far 
back; it ends there below the interspace betu'cen the second (d 4) n,nd third (m i) molars. 
The hhid contour of the symphysis is subbilobe(l(ib. s,s*) ; it is long, hut less deej) relatively 
than in Phascolomys Mitchelli (Plate XXI. fig. G). 

Tlic gr indin g-surfii,ce of the anterior molar (Plato XIX. fig. 6, d a) is siibelliptic, with 
the long axis nearly parallel with that of the jaw. 2 lines and 1 line in the two diameters, 
showing the usual disposition of the incomplete coat of enamel. The succeeding molars 
have the normal hilobed or biprismatic shape; their grinding-surfaces do not exceed 
severally 3^ lines, the fore lobe of the first {d 4) and the hind lobe of the last (vE 3) being 
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tliG smallest. The hinder half of the diastemal tract, above, is bounded by a ridge (1) on 
each side, and is there transversely concave. The outlet of the dental canal (Plato XX. 
lig. 6, v) is more advanced in position than in FJmcolomys vonibaius (Plate XXII. 
hg. 1, The outer enamelled surface of the incisor is transversely or verticnlly conv(*^', 
c\irving uninterruptedly to the lower border of the tooth, as in the barc-nosed Wombats, 
but with loss relative breadth of the.tootlr than in those existing species. Sufficient of 
the angle of the jaw is jn’eserved to show the partial division of the large cavity formed 
by it, a inward extension into the inner (d) and outer (c) angular depressions (Plate 
XXIII. fig. 7), The base of tho coronoid process (Plate XX. figs. 0 7, a) is G lines 

in fore-and-aft extent ; in l^liascolomys vomhatun it is 11 lines. 

The well-marked characters of this small extinct species arc satisfactorily repeated in 
a second niandibnlar specimen, also of the left ramus, but more mutilatcKl biiiind.- It 
retains, however, the anterior end entire ; and the incisor shows its worn siirfiicc (l^latc 
XIX. figs. 0 & 7, '/). The vertical diameter of the incisor equals the long diameter of 
the working-surfuccj of the second molar tooth, d^i, 

A third illustration of this diminutive species is likewise afforded by a portion of the 
leH; n)iui(lll)id:n- ramus; it is a small portion, but includ(‘s tho hist two molars and tho 
hiiul Iiair Uie antcpi'ijiilliiiiatci ni()la.r. The base of th(j common plate of lluM’oro- 
noid and e.niulvhiid pn)(*ess('.s is in jiurl. pi\'S(‘rv(‘d, with a broken heginuing of tli<^ ecto- 
(■i‘oiaphy((( the, with the postalveolar ridge and (ictalvtudar groove, .repeat the 

eljiiracp'r.-; of (be more, complete ramus (Plat(5 XX. figs. G &: 7). The size of both hone 
and te.eth i:-: Pm nn(' in all. Tho present fossil, by the well-worn crowns of tin? molars, 
appea.i>i to he iVrjm an. old ijidl.\ idnah The formal (.‘hara.chn'.s a.ve .InCfiiupa tilde wbli a. 
refi.:renf:e trf tiio.-u; of size to immatavil.v- 

All the specimens (.)f Jdiascofo'jnyx wi‘V(.> in the Boydian C:oll(.;(d,i()n of fos.sils 

from tin; 1 jacustviuc de})osits of; King’s Creek, Darling Downs, (lui.-eushind, pjire.hased by 
tile .llritisb iiiusc'um, and are In the same mineralized condition as the remains of Diyro- 
iodoii- in tho same collectien. 

1 reserve for another coiniuuiiicatiou the (wideucc'S of extinct Wombats excecMling- in 
.size the existing .species. ' 


PiXl’-LANATiON Gif’ T.1J.H PjATlOS. 

PI.ATE xvn. 

Hg. 1. Upper view of anterior portion of skull of Flumolomys jlfikheUi, 

Fig. 2. . Upper view of anterior portion of skull of Flmcolomys Krefftn, 

F’ig. B. llight side view of anterior portion of skull of Fkascolomy^i ITUchdU. 
^!ig. 4i, I,.cft side ^uew of tlie same skull. 

Figf Under view of the same skull. 

6v Front view of the portion of skull oi Fhascolomys Erefftii. 

Portion of left maxillary, Phascolomys Mitohelli, . 

Fig:»,.8i .Palatal surface and upper molars of Fhascolomys MitcfieUi, 
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Fip:. 1. 
Vig. 2 . 
Fig. S. 
Fig. 4. 
Fig. 5. 
Fig. 6. 
Fig. 7. 
Fig. 8. 
Fig. 9. 


Palatal surface and upper molars, Fhascolomys Mitohelli. 

Side view of the same portion of skull. 

Front view of the same portion of skull. 

Back view of the same portion of skull. 

Side view of the left maxillary, Fhmcolomys Mitohelli. 

Front view of the same portion of skull. 

Palatal surface and molar teeth of ditto. 

Outside view of right mandibular ramus of FJmcolomys Thomsoni. 
Upper view with grinding-surface of lower molars of the same fossil. 


PIATE XIX. 

Fig. 1. Upper view of mandible and mandibular teeth, Phascolomys vomhat-us. 

Ij’ig. 2. Upper view of mandible and mandibular teeth, Fliafioolomys platyrJdmis. 

Fig. Upper view of a portion of the left mandibular ramus with the last two molars, 
Phamdoniys KrefftU. 

Fig. 4. U])per view of a portion of the right mandibular vmiei';, lafifrom. 

Fig. 5. Upper of:! pnUon of; the left mandibular re niu.---, Mitohelli. 

Fig. 0. Upper 'icw i.fa poi-fion ()f the left mandibular ramus, TMscolomys pamis. 

Fig. 7. Outer side vkiw of tlic same fossil. 


PLATE XX. 

« 

Fig. 1. Upper view of mandible and mandibular teetli, Fhascolomys laiifrons. 

Fig. 2. Upper view of the foro part of the mandible, PhoMohmyi^ Krefftii: 2 a, trails* 
verse section of the incisors. 

Fig. Ujr|K‘i' vi(?vv of a. ])ortioii of the maudihlo oi Pha,%vlomys platyvliiniis. 

I'ig. 4. Under view of the same fossil: ie. transverse section of the incisors, 
i'ig. i). Side vh’w of fore ;[)art of the same jaw. 

jj'ig. (>. Outer .side view of tJie left mandibular ramus. J/hascolomyis parvitti. 

Fig. 7. Inner side view of tlic same fossil. 

Fig. 8. Under surface of angular jiart of the same fossil. 


PLATE XXI. 

Fig. 1. Inner side view of the rfght mandibular ramus, Phascolomys 'omnUatus. 

Fig. 2. Inner side view of the "right mandibular ramus, JPJmcolomys platyrMius., 

Fig. 3. Inner side view of the right mandibular ramus, Fhascolomys latifrons. 

Fig. 4. Inner side view of a portion of the right mandibular ramus, Fhascolomys lati 
frons. 
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I'ig. 5. 
Kg. 6. 
Kg. 7. 


Otiior Kido view of a portion of a kft maiulibtilav ranuis, l%(m)l()iivp MitchdU. 
Inner wide view of the same fossil : drawn without rcv(,'.rsing. 

Inner side view of a portion of the right ranins, Phamdomyt^ ThomHOni. 


PLATE XXII. 

Eig. 1. Outer side view of the. light mandibular ramus, r/ias(iolomfjs vuiukitvs. 

Outer side view of the right mandibular ramus, 'Phamdi)mj}H 
Outer side view of the right mandibular ramus, Phamdoniys iMifrom. 

Outer side view of part of the right mandibular ramus, .Plumolomyti lalifrom. 
Outer side view of part of the right mandibular ramus, J^hamdomys latifhma. 
Outer side view of the hind part of the right mandibular ramus, Plimcolomya 

Outer side view of the fo.re part of the right mandibidar ramus, PktseolomtjH 


Pig. 2. 
Kg. 8. 
Pig. 4. 
Pig. 5. 
Pig. 0. 


Pig. 7. 


Pig. 1. 
Pig. 2. 


Pig. Ih 
Pig. 4. 
Pig. 5. 
Fig. 0. 
Fig. 7. 
Fig. 8. 
Fig. 0. 


PLATE XXIH. 

Under view of mandible, J^amolimiys ydatyrldmts. 

Under view of the left ramus and synipliysis of mandlhhg .Phaacoloriiy.^ wwr 
hafms, 

Und(;r view of the right ramus and symphysis of maudihle, Phanrolomfp 
Under view of the; symphysis of miindible, Phamdomys JmrffUi, 

Under view of the hind part of the hvft ramus of mandible, J*hamdomyti KrvJjlH. 
Back view of the hind part of the left ramus of mandible, l^tmolomyn imnm* 
Upper view of the same pjirt of tlie fos.dl. 

Transv(u*se section of lower incisors, J^hnncohmiyH pjftfyriinnm 
Transverse section of loAver incisors, J^lmndoiuyfi 


Pi-. 1. 




Ing. 2. 


I.i'ig. 8. 
Pig. 4. 
Pig. 5. 
3.'’ig. C. 
Fig. 7. 
Fig. 8. 


Id ST OP AVOOUOU'fS. 

Nasal bmies and their eouncxiuns, var. 2, VluMiofomya vnmhuUiti 
Nasal bones and their connexions, ^■ur. .Pkawolom-i/if winlxdm. 
Nasal hones and their connexions, I^hascohyniys ijlaiyrhm^^ 

Nasal bones and their connexions, Plmcoloinyfi hUfronii. 
Lacrymal and maxillary characters, PhaacolohiyH jj/utyrhims. 
Lacry.Tniil and m axil buy clmracteis, PhisrxdoniyH latrfhm.'i, 
JAilatai Nurfiico of upper jaw ami teeth, I%(.»coloray,'i ydalyrUnu^f. 
Palatal surface of upper jaw and teeth, PImrokmyN latijhms. 

All the figures arc of tlm natural size. 
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X. On the Organization of the l^ossil Plants of the Coal-measures. — Part 11. Lycopodiacese: 
Lepidodendra and Bgillarice. By W. C. Williamson, F.B.S., Professor of Watural 
History in Owens College^ Mancheste7\ 

Eecoivcd Juno 13, — Bead Juno 15, 1871. 


In 1849, when M. Brongniaet xmblished his ‘ Tableau des genres des VegetauxFossiles,’ 
he admitted into In’s seri(js ef Aerogenoiis Cryptogams afamily of Lepidodendra,inwhicli 
he included IjGpidodendron.i Tllodandron., MegagAiyton, Halonia^ l/epuloyhloios, and 
Knorria. At the same time he recognized as Gymnospermous Dicotyledons^ a family of 
Sigillarim, including Sigillaria^ Stigmaria, Syringodendron, and Diploocylon. He distiii 
gUished these two groups by supposed differences in the structure of the ligneous 
cylinder .surrounding the pith. Speaking of this structure in the Lepidodendroid plants, 
he says, “ Non-.scmh.'ment il est continu et non divisc on faisceaux par des rayons medul- 
laires, caractert' rpie j’ai indique dans plusicurs families trcs-diveracs des dicotylddoncs, 
mais les elements qui Ic composent no forment pas do rangees rayonnantes. Cette 
absence de direction radiee dans la disposition relative du ti.ssu ligneux me paratt un 
c'liviictoix' tros-(iRscvn.ti('l, car elle indique la formation simultande d * r - 'i;, 

formation successive du dedans an dehors, caraetdre de la zone ^ ^ 

ledoncs”*. Describing his family of Sigillarim, he says, “Le caractcrc essentiel de ces 
plantcs, e’est de presenter, dans I’interieur do leur tige, un cylindro ligneux cntiercinoiit 
compose de vaisseaux rayes ou reticules disposes en series rayonnantes, separes en 
general par des rayons medunair(3.s, ou par les faisceaux vaseulaircs qui, do Tetui inedul- 
laire so portent v(n-.s les feuillcs”f. Pie further adds, “ Les principtiux genres clc cette 
famille, ceux qui appartiermont sairs aucun doute a de vraies tiges, presen tent, cn dedans 
du cylindro intericur, sorto d’etui medullairo, continu ct sans rayons moduli aircs dans le 
Diploacijlon^ divisd cn faisceaux correspondant aux faisceaux principaux du cylindre 
ligntnxx dans le Sigilla^ia^'X' 

I have long been engaged upon the study of the plants referred to in the above 
extracts. I have not only had the opportunity of examining numerous specimens in 
the cabinets of friends, but in nearly every instance I have literally dissected each 
specimen described, in my own lathe, so as to avoid, as far as possible, all sources of 
, error. The result is that I am now in a position to demonstrate the complete unity of 
the plants which M. BBONaNiAET has separated so widely, and to show that the transition 
from one form to another is so gradual as to necessitate the inclusion of the entire 
series in the Lepidodendroid family. 


* Zoc. at. p. 39. 
MDCCCLXXII. 


f Loc. ait. p. 55. 
2 D 


t Loc. dt. p. 65. 



198 


MlOMilSSOli W. 0. WILLIAMSON ON THE Olia ANIEATION 


That the SiijUlarUB were Lepidoclenclroid is a conclusion that has boon already arrived 
at, first by Dr. Hooicer and afterwards by Mr. BiniYry and Mr. OAKRUTiiHRa ; but the 
facts upon which this conclusion was based by these writers ai)pcar to me insufficient to 
furnish a demonstration of this affinity, since no example of a true NtylllaHa in which 
the internal structure is preserved appears to have been hitherto described. Air. Bikney 
has described some plants^ which he believes to be true NiUjlUmuv ; but I. agree with 
Mr. Oariiutiiers, who has pointed out that one of tliesof is a true Jjrjridoilmdron, 
Another J is a very curious and distinct plant of which I have sections, but which 1 
havc^, as yet, failed to interpret; whilst the remaining platens refer to n. plant whioli I 
shall notice further in this memoir, and which imy be a Nirjillaria ; Imt 1 lour that we 
have not as yet sufficient evidence to render justifiable the conclusion that it is so. 
Mr. Carrutjikrs informs me that since his several memoirs referring to this std)j(jct 
were published, he has obtained such a SigUlaria, which he is about to describe ; but 
not liaving seen tlie specimen I am unable to form any opinion ri'spcctiug it. 

My object in this memoir is to describe and illustrate^ the stj’uctun} and afiiiiitics of 
several genera respecting which there is no lougcT any ground tor doubt, and also to 
demonstrate the successive steps by which wc ascend from the lowest l-yjai Jjoyrido- 
dmdron to stems wldch, as Broyuniau'u has truly concluded, au^ funiishe<l with an 
exogenous woody (fylinder, richly supplied with medullary rays. I'br this j)urjJos<^ I 
shall take as my ])oiij[t of (lepurlairci tJni Lcfididendrim itgured by MV. Binney, already 
referred to, hut which, in his s])e<iinu'n, lacktHl th(5 outermost layc'.r. This 

plant has also been d{!scribod by MV. CJAimui'iiERS^, who ri^gards it as identical with the 
Lq}idod(mlfon iidayimuks of STj-uiNBEita. X owe some apology to tluj la(,ter gitntleman 
fur redoscribiug a plant which, so fur as he went, lu^ has d(\^cril)e(l so aonimtcly; but 
to do so is indispeusabhi to tlu^ object ■which T Imve in ^■i(^w^ and which iiiclmb's points 
not referred to in l)is memoir, as wcdl as some*, otliers on which I am constrained to arrive 
at a different conclusioi from his. lie carefully abstains hi bis .memoir •from employing 
the terms medulla o.v piKi, wood (»r lignotms cylindei', stud bark; ■whereas T am satisfied 
that these thn^o portions, chanicteristic of an OYogenoiis groNvth, nr(^ to bo discoveir.-d in 
tlu5 entire sedos of these plants. This threefold division is least (louspicwons in tlio typi; 
just referred to; but a gradation of f(.>vm.s leads us'fvom that typo uji to otlno's in which 
tlio tr.ipartit(,i distinction is too remnrkahle to bo ovc.rlo(.ik(;(l. J. Irnvt? no doubt in my 
own mind respecting the existence of those divisions throughout the entire s(;rics; con* 
sequently in this memoir I shall speak of the medullary, ligneous, corlhial, a.M.d epidermal 
.layers, and .1 .shall also always employ the same letters to indicate what I holievo to bo 
homologous structures in the various plants described. 

* A Di'wiiM.[)tiun of wmio .Fossil Via Ilf'.'*, fihowiiig HtnicUiiv, loiiiwl in tlio .IVuvor C'oaJ-m'uuw of T.iaiJoahTiiro 
and yorkaliirc,” Vliil. Tnuus. .lS(j,5, jt. 57,0. 

t Loc, alt. pi. ligs. 5, 0, + clt. pi. IM ligs. 1, rJ, II. 

§ “ On tlio Btrufttoro of tlio stoins of tin*, arljonjaw.’nt Lycojiudinwno of tlio Ooiil-iiKiiisurcs,” Vy W. Ca iuiutii kiwi, 
Esjj., F.L.S., P.tf.B., Jlotanical .Dcpartmoiil:, ildtisli Muscuiu (Hoiillily .iUwoscopical Jiminal, Londoji, October 
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, Plate XXIV. fig. 1 represents a transverse section of Lepidodendron selaginoides, from 
the cabinet of Mr. Butteewobth, magnified six diameters. The medullary axis (a) con- 
sists of a very peculiar admixture of baiTcd cells and vessels also barred. I abstain, as I 
have already done in my previous memoir on Calamite^, from designating these vessels 
scalariform, because I have not yet found them to be thickened at their angles with 
continuous deposits of lignine, as is the case with the true scalariform vessels of ferns. 
Fig. 2 represents a longitudinal section of the same specimen, magnified four diameters. 
Fig. 3 is a small portion from the centre of the medullary axis of fig. 1, more highly 
magnified, and fig. 4 is a corresponding enlargement of the same structure, though less 
highly magnified, of fig. 2. The cells of this structure in the specimen figured exhibit 
a tendency to diverge into two forms. We have one thick-walled series, arranged in 
vertical rows (fig. 4, h), the transverse septa of which are sometimes rectangular in rela* 
tion to their sides, but much more frequently oblique, the obliquity tending sometimes 
in one direction, and sometimes in another even in the same pile. The sides and ends 
of these cells are alike richly barred. Sometimes the bars are regularly parallel with each 
other, and arranged transversely as in the vessels ; but very frequently they describe a 
series of curves as if one, two, or even three of the angles of the cells had been centres 
from which corresponding series of concentric segments of circles had been drawn. In 
the transverse section these cells also appear barred on their transverse partitions (fig. 3, h), 
the bars being usually arranged in two opposed systems of curves. These barred cells 
vary in diameter from *005 to ‘0016 The cells of the other class are much smaller, 
have very thin walls, and appear to be small masses of ordinary parenchyma intermingled 
with the other medullary tissues ; it is possible, but not probable, that this difference is 
due to mineralization, a point to which I shall return. The vessels (figs. 3 & 4, o) are 
often almost undistinguisliable from sections of the barred cells ; indeed we appear to 
have here strong evidence of their primarily cellular character. In the specimen figured, 
those of the centre of the medulla are somewhat widely separated by the two kinds of 
cellular tissue as shown in fig. 4 ; but this separation only extends over a small area. 
In the peripheral portions of the medullary axis they are closfdy conjoined, the cellular 
element becoming less abundant, especially the delicate parencliyinatous tissue which is 
so much morcj copious in the centre of the structure. Those vessels range from *0014 
to '002 in diameter. 

Immediately investing the medullary axis is a thin cylinder (figs. 1 & 2, e) of small 
barred vessels arranged in parallel scries i*adiating from the medulla outwards. The.se 
represent tlie ligneous zone. The innermost ones are exceedingly minute, and though 
they increase in size as we proceed outwards, they rarely exceed 'OlC in diameter, the 
great majority of them being very much smaller. It is from the innermost surface of 
this cylinder that tljc vascular bundles arc given off to the leaves, a point of importance 
in determining the homologous relationships of the various portions of the Lepidodendroid 
plants. The radiating arrangement of these vessels suggests, as the quotation already 

.:U1 these (Tim elisions reler to decimal divisions of an. iiiclu 

2 1 ) 2 
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made from tlio writiiij^s of M. BiiONGifiAiiT points out, an exogenous mode of gro^Yth, 
a conclusion fully Lome out by facts yet to be mentioned ; small cells arranged in single 
or double vertical rows pass outwards, like medullary rays, betweem these vessels. The 
tissue immediately surrounding the ligneous zone has almost always disappeared from 
the specimens of this plant, its place being represented by an almost vacant space ; hut 
there are indications, as Mr. CAJaiUTruiuia has correctly pointed out, that it has been a 
delicate form of parenchyma. In the present example almost cv(uy trace has disap- 
peared save a narrow ring {(j) of disorganized carbonaceous matter at some little distance 
from the ligneous zone. Tlio space within this tissue representH the innermost portion 
of what I regard as the cortical layer. (Scattered through this vacant spacer, as well as 
the more external one, we find in the transverse sections small bundles of minuh^ scala- 
riform vessels (fig. 1, m) fringed round with delicate j)arcnchyma, and exhibiting a 
circular or oval section. Their diameter ranges from ’003 in the round sections near 
the ligneous zone to a longer axis of *007 in the more p(u‘ipheral portions. 

W(5 now come to the middle hark (A), a dense, well-prcserv(Kl layer of thick- walled 
parenchyma, gradually passing into prosenchyma at its outer margin. Tlu^ rounded c(dls 
of the former liavc a mean diameter of about *008, gradually becoming more oblong, 
with a longer axis of about ‘GOT and a shovti?!* om^ of •002. foliar vase\dai: bniidh^s 
make their W'ay througli this lay(U‘, dedicate paveucliyina with w1ii(;h each bundle of 
vessels is surrouiuhul gradually merging with its coarsen* ctdls. Tlu^ dcdicacy of this puren- 
chynui investing tluj Imudles fr{Kpioutly leads to its eutirt^ disappoanuKte, hniviug blank 
•spsices (m') chaimellod through the hark, in tho middles of which tlu^ bavrttd vtissols oC 
tlie foliar I)undl(!S arc scjuudimcs cxmspicnous from tlunr isolation. As tln^ purtmehyma 
of this middle bark bcicomos converted into proscmchyma at its oirtor portion, its (jells 
become elongated vertically, and at last pass rapidly info the almost vascular form of 
jn'osciK'hyma constituting the bast-layer of the outer bark. In the transverse 
scjctiou tlu'so tubes are seen to be arranged m radiating series proceeding from within 
outwards. In the vortical section tho more external ones become as elongated as in 
the plourenehyma of many ('xogcsious barks, tho fibre's being nrranged longitudinally 
in cjurving lim's l.iii.vjng a vcjiy regular parallelism, '.riiey h;iv(j a mean diametoi* of 
about '001188. '.l’(Avai'ds the outermost portion of this, tubular prosenchyma wo find, 
in iIkjso fossils, a. tfanhnujy to sjAit vertically, and to the c(nis(j(|n(']i.t (h'liachmcut of tins 
(j])id(;r)na,{ la-yer {(■). 'I'lio innermost portion of this (leta,ch(jdlay(jr consists of tiib(js pre- 
cisely simila.]' in (woiy respect to those of tlic outer bark, but wliicli again change rapidly, 
as we proce(;d outwards, first into the prosenchymatous form seem in the niiddhj Ijark, 
and then intcj a (;hick-*(vallod parenchyma which constitutcjs both tho siiperlicial portuju 
of tluj <y)id('.rniis and th(i (mtirc substauccj of the ])eti()l(jR or base's of tho leaves (1). I 
have here referred tlus tubular Ijast-laycT partly to thcj (mter bark and juirlily to the 
cpidorm, bccamsc, wIuju tlio latter becomes dotachod, tluj line of separation nsiiully 
passes tlirongli the middle of the layer; but it may ptnhaps be more correct to regard 
tlie whole of these basl-tlssuos os one sulu'pidormol layer. 5 (jxhibits a tangcntiol 
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section of tlie outer bark passing througb the prosencliymatoiis layer and immediately , 
underlying the epidermal one ; but owing to the cylindrical form of the specimen, on 
the left hand ol the sketch the section has passed outwards through the latter layer 
(fig. 5, 1) and the attached bases of the leaves. The jDrosenchymatons character of this, 
bark-tissue is well shown in this section. Openings, indicating the points through which 
the foliar bundles of vessels have passed, are seen to be partly occupied by delicate cells. 
The section of each opening is oblong in a vertical direction. Fig. G is a tangential 
section made parallel to the last, but through the outermost epidermal layer (1). The 
bases of the leaves are here indicated by large lozenge-shaped spaces (fig. 6, Q, arranged, 
like the corresponding openings in fig. 6, in quincuncial order. These two sections 
illustrate, with great clearness, the tissue to which two common appearances seen, 
amongst fossil Lepidodemlm belong. Fig. 6 represents the KnorriaASkQ forms which 
arc commonly, but erroneously, spoken of as decorticated ; whereas they belong chiefly 
to the outermost surface of the middle cortical layer, the bast-layer and epidermis alone 
having disappeared : such a surface, in the plant under consideration, is represented in. 
fig. 7. , In some larger stems of this, or an almost identical species, belonging to J, B. 
Dawkins, Esq., the lenticular projections are rather shorter and broader than those in 
this figure. Fig. 5 corresponds to the ordinary Le^pidodendra, 

The sections of the persistent bases of the leaves [1) vary considerably in form, as is 
shown by figs. 1, 2, 6, & 6. So far as the transverse section is concerned, fig. 1, 1J\ 
appears to indicate the characteristic form, since its resemblance to a depressed acumi- 
nate loaf reai)pears with more or less of distinctness in most of the other sections made 
in the same plane. These petioles consist of coarse thick-walled parenchyma, the cells 
in some portions not unfrequently appearing elongated in the direction of growth. The 
cells of the exterior surfaces are small and dense. 

I have mentioned that in the medullary axis of the specimen described there is a very 
distinct appearance of two kinds of cells, but I am far from certain respecting the true 
signification of this diflference. In other sections of the same species of Le^idodendron 
I find similar appearances, but with more semblance of a transition from the barred and 
thick-walled to the thin-walled cells ; whilst in one specimen, the centi'e of which, how- 
ever, is considerably disorganized, every cell, large and small, appears as if it had been 
equally barred. I have long since leamt that amongst these coal-plants the absence of 
a barred or reticulated structure from a cell or vessel is no proof that such secondary 
elements never existed. ‘SN c frequently find that, during mineralization, the carbonaceous 
matter, representing the original deposits of lignine, has been diffused in a uniform, gra- 
nular layer over the walls of the tissues. Hence it is barely possible that the variations 
in the medullary cells of the plant described are duo to such mineralization. 

. It appciars that, in this plant, we start at the centre with a higJily vascular axis inter- 
mingled witli cellular tissue, and that the vessels, though diflused over the entire medulla, 
exhibit a slight tendency towards a peripheral polarity, being less intermingled with 
cells at the exterior of the medulla than at its centre. Around this we have a thin layer 
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o'i; vosscIk wliictU oxhibit an exogenous arrangement, and liavo, passing outwards between 
them, thin vertical layers of cells which I believe to bo early forms of medullary rays. 
Mr. CATniUTiiERS rejects this interpretation; but 1 think I shall be able to show, in the 
course of my descriptions, that they are what I have affirmed them to be. Mr. CAitRUTUEUS 
objects to the idea of their being medullary rays, because “the axis of the stem is not 
occupied with a cellular medullary tissue, but with scalariform vessels” and that con- 
sequently “ it cannot be interpreted as similar to that of the medullary system of Dico- 
tyledons.” Experienced as my friend and co-worker in the field of phytology is, I must 
venture to diflbr from him here. He recognizes, in his description, the cxistouco of the 
scalariform colls which I have also described, though in phraseology diftbront from my 
own. “ Sonic of those (vessels) in the centre of the axis are divided into chambers by 
horizontal septa, or rather they appear to be made up of a series of slif)rt, obtuse colls, 
whose transverse as well as longitudinal sides are marked with scalariform bars. Such 
interrupted vessels are scattered irregularly through the others. I can detect no trace 
of any other structure in the axis than scalariform vessels” f. I submit that such tissues 
as are here so correctly described cannot, in any accepted sense of the term, be called 
vmsch ; they are cells, which it is true might by fusion become vessels. In their earliest 
state they were not barred or scalariform, but simply forms of partmebyma, 

In seeking an (explanation of the philosophy of these medtdlavy rays, we must not limit 
our attention to tbeir matured .stab?, but go back to the tim(» wlien nil tin; tis.su(’.s as.so« 
ciatcul with them existed as a cluster of mulifibreniiatcd pareuchymntons ctdls. One of 
the first eliangos to bo detected woidd be tbe devedopment of a finv vesseds, and amongst 
others would ultimately appear those dostimul to constitute the incipient exogemous 
ring. The momf'iit those made tlmir appearanco, they convortcKi the few cedk which 
s(!])avatcd them into incipient medulbu’y .rays, d'hus much of a change raigltt occur 
before tlie cells deposited in their .interiors tlnur bauds of ligninc which give them 
their barred or scalariform stnujtuvc;. It would not i\cc(jssary that, as growth 
advanced, all tln‘ (.-.(.dls should follow tlio. sanu! course of dfivtdopment. Such wc know 
is never the case in the Ibglier plants ; wore it so, diilbrcnitiation of tissue's would be 
iin|)nssibh^. I’livtln'r, .1 tbiiik Mr. ChniiiminTis must diiCor from me as to Ibcj cs-sontial 
(diaract(!r.san,d fiuictions o.f medullary rays. 'Hiongh in tlu'ir earliest states tladr ]mrposo 
is donbthrss to conn('^ct tbe medulla w.itli the mnn; oxt(o.-nal i.issiu's, such .i.s not tboir 
pei'inanent function. As exogemons stems grow, tlui pith gradually contracts, and wjiat 
cclbs remain do so in a final (?.()ndition that ratber reprtisents efibte structures than active 
colls filled with vigorous protoplasm. Yet though the medulla becomes thus altered, 
a,nd its primary mission a thing of the pa.st, the nuKlullary rays coniimic to grow and 
activ(.dy fulfil tbeir oss<'iitial functions, wliicli is to maintain fre(^ lateral (lommunication 
between tlu.^ inner and outc'r layers of tbe wood, and betwetm botlj tlu'.so and tlio bark. 
.If this reasoning is sound, and 1 Ixdieve it to be .so, the fm;!; that a matured l^epidoden- 
rlroid stem lias its luedullary axis occupied in some cases w.itli barred ccdls, and in otliers 
* Monthlj' Mii;i*0'i00pii:al Journal, OcImIkm' IHCO, p. J 80 . t Aor. rit. 
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even with barred vessels, in no way militates against the conclnsion : that the vertical 
piles of mural cells -which separate the lamincc of the vessels constituting the woody 
zone, and which are constantly extending in a peripheral direction, are true medullary 
rays. Their earliest genesis, combined with their final functions, rather than the degree 
of differentiation which the several tissues have finally undergone, determine their 
nature. 

I shall shortly demonstrate that, simple as these rays are in their early form, they 
become very definite when we ascend to some of the higher developments of the ligneous 
zone which we shall find amongst these Lepidodendroid ^dants. 

If I am correct in these determinations, no question can arise as to the cortical nature 
of the thick, investing, and more external layers, with their prevalence of prosenchyma, 
so characteristic of Lycopodiaceous cortical structures. We also see that the retention 
on the epiderm of portions of the bases of the leaves iiides what should otherwise 
represent the regularly arranged leaf-scars seen in the common Lepidodendroid stems. 
Whether, in the species under consideration, these leaf-petioles \vere persistent, or 
whether, as the stem advanced in age, they fell off, leaving a natural cicatrix of the forms 
represonted in fig. 6, is doubtful; but my present belief is that the latter was the case, 
and that the fact explains why we only find such examples as I have figured of compa- 
ratively small size. 

I have sections of one example of the above type from South Owram, near Halifax, 
and for which I am indebted to Mr. Neild of Oldham, in wliich the cellular element 
of the medullary axis is reduced to its minimum. The axis consists mainly of haired 
vessels ; nevertheless cells exist in sufficient numbers to demonstrate the identity of the 
two forms. The next modification of the Lepidodendroid type to which I would call 
attention is one that Mr. Botey has included, together with that which I have just, de- 
scribed, in his memoir on Sigillaria akeady referred to, but which I agree with Mr. 
Cabruthees in regarding as a distinct plant. None of the specimens of it which I have 
had the opportunity of studying exhibit the outermost layer of the bark: 

I know nothing of its external contour, but the portions which I possess 

and instructive. Plate XXY, fig. 8 represents a transverse section of the central axis 

{a, c), with the ligneous zone {cl) and the inner portions of the bark (g, i), of a specimen 


in Mr. Bt;'.iTEiii\''OBTH’s cabinet, besides which I liavc made numerous dissections of 
some other specimens of the same type, with which Mr. Betterwobth has kindly 
supplied me. The prominent features iu the medidlary axis of the specimen figured 
are the entire absence of vessels from its central portion, and its transverse division 
into two longitudinal halves, by a line extending on each side from its central cellular 
portion to its periphery. Mr. has correctly represented this structure*; but 

he says respecting it, The dark line across the axis, as well as the dark space in the 
centre, both seem to he the result of a disarrangement of the tubes during the process 
of mineralization, as similar appearances have not been observed in many other speci- 
mens examined by mo, which in those parts arc in a more perfect preservation ”f. I 


^ Loc, cit. pi. 32. fig. 1 & 2. 


t Lq 6. cit. p. 5S7. 
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feel constrained to differ from tlic above conclusion, to which, I think, Mr. Binnjoy has 
been accidentally led by unitmg two plants, which, though very closely allied, are never- 
theless distinct, viz. the one which I have just described and that now under considera- > 
tion. The dark central portion of the medulla is a compact mass of cells, as is well 
seen in Plate XXV. fig, 9, a. No vessels appear in their midst, and the dividing line, 
extending on each side to the woody zone, is a prolongation of the same (udlular tract*. 
The cells average from *01 to *0025 in diameter, their length being variable. As in the 
X^receding iiistauce, they arc generally arranged in vertical piles, but with groat irr(.!giilarity 
in the obliquity of their horizontal or transverse septa. This piuadiar obli(xiiity of many of 
these cell-x)artitioiis in the cells traversing the long axis of the stem appears to ])e a 
characteristic feature of moat of the Lepidodendroid plants. All these cells in the x>laut 
before us have had barred walls. External to this cellular axis we have a dt'iisc^ ring of 
barred vessels (figs. 8 & 9, c). At tlio inner portion of the ring they arc detached from 
one another, masses of the barred (jells ramifying btjtweeii them ; but towards its (jxterior 
portion the vessels become a compact mass. Tln'y liavo a varying diaimjtor of from *01 
to *0025, but the most xjoripheral scries iu immediate contacjt with tiic ligmjous zone 
are not more than ’OOl/i. The entire series is arranged, in traiisvc'rse se(‘tions, in ])iiv(>u- 
chymatons fasliion, being wholly (Ujvoid of any lincwir disposition, and small tubes ])eiug 
packed into the interstie.c^H ainongHt tluj ]arg(jr oikjh. 

One of the striking and cliurachJiiMticjfeaturciH of tliis ])huit is its w<'ll-d(Welo])e.(l ligneous 
zone (figs. 8 & 9, /i). This consists of hamKl V(w.selN, art’arjged in v<?ry regular radijiting 
lines. In the HpcJcimen figured, tiu'vcj arc not morcj thuu s(JV(uite<5n or eighteen of these 
vcissels in each radial sewies; but in auotluu* section, iu my eahimd:, ofa stem wliich, though 
deprived of its epidermal layers, has been fully 2 J iindies in diaimjter, tin; woody zom^ 
has a breadth of *37, and eaesh linear row contains about 80 vossels. As usual th(j inner- 
most of each series are the smallest, and they increase in .siz(^ as they •j)roece(l outAvaivls. 
The medullary rays anj very ((huudant (Plate XXV. figs. 9 & 10,/). In the tangential 
Rcjclious (fig. .10) (lu'y ai’o easily njcognizcd; but, owing to tluj dedicacyof tlieir texture, a 
sax>erii(jial observation easily loiu Is to their details lining overlooked in the radial sections. 
Th(.jy are novcjrtludess most distinct, sw'cejiing across the vessels in stniiglit and ])!irii.I]('l 
litKJH from the nKidulbiry to the cortical surfaces of tin*, ligneous zone; ^ma’.isely as t.lu'y 
would 1)0 seen to do in a eorr(.!spoiHli.jig section any ox(J)gonous wood- 'I.'Jkj (sxogemnis 
growth of this the stem is sutficjieutly obvious. '\Vr. Ija.ve tlie radiating 

arraug(jnieiit, and the regular increase occurring in tluj number of vessels in each liiujar 
row, as the stem enlarges its diameter. The new vessels have not been intercalated, 
hut added to the exterior of each s(}ries, — a, fact ofuin re,ndei;ed evident by the circum- 
stance that, from their walls Ix'ing less stvongthened by l.ign(.Hnis (h^jiosits tlian iu the 
case of tlio (dder vessels, they are much more liable to be disturlaul ajid disarranged by 
lateral pressure, 

* Orhor spociuicuB havo cutno irndw: iny notifto, in wLicli tlio mcidulkry vessels oncromilicd almost ('iiliri'lY 
upon tho inuor parts of iiovcrtlicloss th ore remained tho eejitral spot, of ^s:hidL the transverse luio 

dividing the medulla into two halves is the latorul oxteusion. 
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The next distinctive feature in all the examples of this type which I have examined 
is seen in the inner and middle bark. Instead of a thick parenchyma, we have here 
very little of that tissue. I had for some time a difficulty in satisfying myself that any 
existed ; but I think that the crushed and disturbed structures represented in figs. 8 & 9, 
have been parenchymatous. Almost immediately after leaving the woody zone, the tissues 
of the bark become conspicuously prosenchymatous, the cells, as seen in the transverse 
section (fig. 8, i), being arranged in radiating lines, and bearing the closest possible 
resemblance to a corresponding section of the wood of an ordinary coniferous plant. . But 
on turning to the radial and tangential sections (fig. 9,i), we see that this tissue consists 
of simple prosencliyma, the walls exhibiting no traces of the pits or extensions of the 
protoplasm through the ligneous cell-layers to the primary cell-wall, seen in the true 
pleurenchyma of Conifers and of the hard endocarps of fruits. These cells have a length 
of *022 and a diameter of *0026. Their general aspect is represented in Plate XXY. 
fig. 11. The outer bark is not represented in the figure ; but in the transverse section 
it merely presents a continuation, outwards, of the same linear series of cells as is shown 
in fig. 8, it while in the radial sections we find that the prosenchymatous cells are now 
drawn out into very long tubes, such as are found immediately beneath the epidermal 
layer of Lej^idodendron selaginoides. The entire thickness of the bark in my specimens, 
deprived of its epidermal layer, is about *62. We have distinct evidence that bundles of 
vessels are given off from the woody zone of this plant to the leaves. Three such arc 
represented in fig. 8, m ; but these are very much less obvious than in the case of Lepi- 
dodmdfon selaginoides. We do not find here regularly disposed channels ploughed 
conspicuously through the bark ; without careful observation the bundles would easily 
be overlooked. 

The next type to be described, and which I believe to be identical with the Leggidoden^ 
dron Harcourtii, leads us in the opposite direction from that just discussed. In its 
general aspect it approaches nearer to L. selaginoides ; but it has its own distinctive 
features, which lead us further away than any of the other instances from the exogenous 
type of structure. Plate XXV. fig. 12 represents a transverse section of the natural 
size, in the cabinet of W. Boyd Dawkins, Esq. It was prepared from a fine specimen 
collected by J. Aitken, Esq., of Bacup. In Plate XXVI. fig, 13 a small portion of this 
section is more highly magnified. Plate XXV. fig. 14 is the central axis, with a small 
portion of the inner bark, yet further enlarged ; and Plate XXVI. fig. 15 represents the 
outer surface of the outer bark on the removal of the epidermal layer, but taken from 
another specimen of the same type as that from which the sections were prepared, and 
for which I am indebted to Mr. Butterwoeth. 

The medullary axis {a-c) is about *25 in diameter, of which the central cellular por- 
tion (a) occupies about *18. This consists of cells arranged in irregular vertical rows, 
and jGrequently with the oblique transverse septa so common amongst the Lepidodendra. 

I can detect no trace of barred structure in these cells; but, as their walls ai’e thickened 
with a deposit of brown carbonaceous matter, I think it very possible that this deposit 

MDCCCLXXn. 2 B 
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may represent the disorganized cell-fibres of barred cells. The exterior of the medullary 
axis is occupied by the usual ring of barred vessels, but it is much narrenvor than in 
the previously described types, being not more than *035 in brcadtli. Yet more remurk- 
able is the almost complete absence, from the transverse section, of the woody zone. 
In figs. 12 & 13 it is scarcely visible, but it may be represented by the minute barred 
vessels of the vertical section (lig. 14, d). The inner bark (//) consists of parenchyma, 
the cells of which are very minute, being rarely more than •0012 in diameter. More 
externally wc have a very thick middle bark, consisting of a coarser parenchyma (A) 
with larger cells, and about half an inch in thickness. External to this are the radiating 
lines of a thin subepidermal layer of prosonchyrua («), about ’00 to *12 in thickness, the 
transition from the coarse parenchyma of the middle bark to tlio elongated prosenchyma 
being very abrupt. The outermost layer of cpiclenn is wanting in all the specimens 
which I have seen of this type. I have not had the ox)portunity of extimining the ori- 
ginal specimen in Mr. Aitken’s cabinet ; but Mr. Butthuwohth’s example of the same 
plant, from South Owram, exhibits the subepidermal surface of the outer bark, which is 
covei’cd, not with oblong projoctioUvS, as in the case Leindodoiidron- ,selmjiimd(u% but 
with hexagonal areola about a (puirter of an inch in ])readth, as nipre^sented in fig. 1 0, 
'riiis distinction shows that> though in tlieir internal orgaiiizatiou tiie two ])lautH 
ap])roach very lUMivly to one anotlmr, tlu^y are nevofhclcKH diflercmt. T'Ik? aspcsit of the 
vv(?ll-nuirkod vusculav biuidles proce<iding to thti loaw^s (wi, figs. 13, 14) is also diflenait. 
They 1 (.nivo tlie thin vascular zone, and jduugo into the pareue.hyinaf.ous hark with little 
or none of the perishubh; investimuit denv(sl from the d(di(:a.t(^ <;(dlH of thci inucu* bark 
seen in Jjfipidodtmdron adtqfmoukH; henrie they appear in all tlu^ setdions as dark rjwlii 
of well-defined vessels without any open space Injtwecm tlictm an<l tlu^ bark its(jlf. 

Before leaving these examples of the goixus Lej)idod(mdrvu, I would call attention to 
Home sections which, illustrate yet more clearly the nature of the apparently persistent 
petioles that adhei'o to tlie bark of some examples, and also throw light upon the scars 
that charactCTizc tlie Iiopidodendroid stem. Plate XXV. fig. 10 rojireseuts a stKjtion 
kindly hnit to me by Mr. Dawkinm, who also oblig('d further by ])la,e,iag in my bands 
lifdf of the- specimen from whio].i tiji? socliou was obtained. It is a radial lougil.iidlmi) 
sfjctiou of the epidermal hiyer <)f i\. Jjfii/idod^!H.drou.v,'li\\ its attache<l. ]jeth)les,- l(i is tlui 
layer rd’ tubular jirosmtchyma constituting lUo sulK^pidermal tissue in. all tlieso plants; / is 
a fVagm<.Mit of the outer bark, consisting of the ordinary forms of short ])vosoiichymjiLous 
cells; Avliilst at I wo have a soiios of p(Jtioles, which, in this section, appear to bo 
turgid and .succulent at tlieir bases, but become more slirivellcd tuid thin as they ase(’.ud 
outwards from the bark. The sjiecimen supplied to me by Mr. Bawkix.s enabhul me to 
make a .smies of section.s of these pc'-tiolos. .Plate XXVI. fig. 17 ropre-sonts a. tangential 
one made through tlm has{i.'3 of the petioles ext(u-nal t<i the «uh<‘])i(lenrial piusouchyma, 
XQ /c. The petioles are here iu. close coutiguit.y, and of more or less regular vhomhoidal 
forms. The positioTi of the vascular bundle going to (lacli lco.f is indicated fa,iutl.\ iu a 
few of the petioles by a rather darker spot (m). Plate XXVI. fig. 18 is a sccticm made 



OF THE FOSSIL PLANTS OF THE COAL-MEASUBES. 


207 


nearly parallel to tlie last, but a quarter of an inch nearer the free extremities of the 
leaves. Each petiole is now seen to be deeply indented by a sharply defined groove 
running along the centre of its upper surface, which appears to have become generally 
depressed, the lower surface having undergone little change of form ; but the two margins 
of each petiole have become winged or prolonged laterally into broad membranous 
expansions (18, explaining corresponding appearances seen in the longitudinal section 
(16, V). These membranous expansions are mutually disposed with the utmost regula- 
rity, the one proceeding to the right, from each petiole, always overlying the margin of 
that approaching it from the opposite direction. The position of the vascular bundle of 
each petiole is now very distinctly marked by a small semilunar opening (m), from which 
the vessels have disappeared. A corresponding section of the specimen represented by 
fig. 20 displays this sharply defined semilunar orifice yet more strikingly. 

The section Plate XXVI. fig. 19 is a transverse one, made in the line a?, ar of fig. 16, 
so as to intersect some of the petioles near their extremities, and yet at right angles to 
their longer axes, as is done at V, They are here seen to have become yet thinner and 
more flattened at their central portions, though retaining the central groove on each 
upper surface. The same regularity in the superposition of the thin margins is found 
here as in fig. 18. Eig. 19, k represents the layer of tubular prosenchyma, and I the 
turgid bases of three more petioles. That the latter only exhibit the marginal membra- 
nous expansion on one side (19, D) is due to the fact that the section has passed obliquely 
through the petioles, and only crossed in the plane of those expansions on one side. 
Plate XXVI. fig. 20 is a longitudinal section of a fragment of the same species of 
dodendron as the last, supplied to me by Mr. Whittakee, of Oldham, and which I have 
figured because it displays very clearly the somewhat elongated form of parenchyma of 
which these petioles consist. At their free exti-emities the latter have become yet more 
membranous than is the case with those of the corresponding, but less highly magnified, 
figure 16, This difference indicates that the shrivelling process incident upon the decay 
of the leaves has been, as might be expected, a gradual one ; and that by the time it 
reached the portions of the petioles represented in the tangential section fig. 17, a 
natural cicatrix ^vould have been formed at which the decay would be arrested, and which, 
when the shrivelled portion had fallen away, would exhibit the ordinary lozenge-shaped 
scars seen in the common examples of Lf'indodendron. The generic distinctions that 
have been drawn between types that retain and others tluit do not persistently retain 
their petioles, appear to me to he of more than doubtful value, since, in all probability, 
they represent temporar}^ rather than permanent conditions. TJiat some species have 
retained their petioles longer than others is sufficiently probable, but I believe this to be 
all that is implied by such differences. 

Resuming the task of tracing the development of the exogenous type amongst these 
Lepidodendroid stems, we come to a series of specimens of which that represented in 
Plate XXVIII. fig. 21 & Plato XXVI. fig. 22 is a marked example. These plants 
correspond very closely with the Anahathra of WiTHAif and with the Di^lowylon oi 

2e2 
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CouLA, but they arc uumistakably LcpidodcndroicI in structure. The different examples 
which I have seen exhibit variations in the development of the medullary rays in the 
ligneous zone ; but I can trace no distinctive feature separating the extreme modifications ; 
consequently the one which I have figured may be accepted as a fair and well-marked 
example of its class. The characteristic feature of all these specimens is that tlicy have 
a medullary ring of barred vessels (c) not arranged in linear or radiating order, surrounded 
by a well-developed woody zone of smaller barred vessels which a/to arranged in linear 
series ((?), the whole having been encompassed by a parenchymatous or proseiichymJitous 
bark (g). The centre of the axis is vacant, but whether primarily fistular, or occupied 
by some other tissue, remains to be considered. In the example figured there arc as 
many as 130 vessels in each radiating linear scries seen in the transverse -section of the 
>v()ody zone. On making a tangential section of a portion of the same zone (Plate XXYll. 
fig. 23), we discover that medullary rays (/) abound. Some of these, like that reprcscntcKl 
near the centre of fig. 23, f, are very large, consisting of a dense mass of vascular and cel- 
lular tissue, whilst others (/) are of the smaller cellular type common to all the Lepido- 
dondra. The gimeral arrangement of these rays is well shown in the radial longitudinal 
section (Plate XXVI, fig. 22, /), which closely resembles, so far as the rays are coiuxirned, a 
similar section from a living Conifer, In the figures of IhjjIOiVglon given by Mr. Binnev * 
th<^ woody zone is reprewinted us coming into contact with the nu^tlullary vascular ring 
by a aeri((s of concentric (auwes, the couv()xities of which (Iir(!ct(Ml inwards. Coiida 
veprescnitis tlui examples upon which h(? based his g<!nuK in the samt^ way. But tins 
specimous now under consideration do not exhibit this (iontour, the lim^ of demaroutiou 
betw<Jon the two tissues being nearly straight, 'i'ho <irenulat(,*d outline is also represented 
in Witiiam’h Anahathra ; hut in this instance the irregularity is easily explained. It 
does not correspond with the line of demarcation between the two tissues, I am indtd)ted 
to the kindncs.s of Prof{?s.sor FCmo, of Galway, for a very fine transverse section of 
WfTJiAM’H original pla,nl, and find that the greater i)art of its area is broken up into a 
.«!('ries of small circles, uithin each of which this tissues of tbe plant are well preserved, 
]»ut extonial to which tlioro is nothing but agatizcul r\iiucial matter. The line of 
junotion bedween the modulbuy vessels and tbe ligneous zone is similarly affected, 
llbuce probably the oxistonco in this esaso of the crcnulated outline referred to. 
Wri’HAM hirnsedf correctly riders those ai)p(!araTU‘.os to “the crystoHization of siliceous 
matter’*f. At tlxe same time plants of the class nnclm: ec)nsideratIon do o.xist which 
possess this crouulated inncjr margin of the ligneous zone. M. Ihiox'GiN’iAua’ has j'cpvo- 
semted one in his well-known memoir on Sigillarm elegans, and 1 will now call atten- 
tion to anothcii’ whicli pi-i^scnts the best illustration of the sti’uctnrc in question that I 
have yet soon. It U'cis obtained from the lower coal-mea.sure.s near Oldham, by Air. N iuld, 
and its appearance before being cut into sections is ropriisonted in Plato XXiX. 


* l)«Bcri]i1ioji of sojiio .Kor*wl 1’Iiuit.H, &c. he. ci.i. pi. ,‘iO, iiJ,^ 4. 

t The Intcrnol fcsLriK-.uircn of KohhII Vf goUblcH fouiul in tluj Ciirhonifi-roim anti Oolitic Deposits of Croat 
Britain, by llEaity T. M. AViijiam, of Larlinglon, Eduilmrgh, 181113, p. 40. 
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fig. 33*. It is of precisely the same type, so far as its general organization is concerned, 
as Plate XXVIII. fig. 21, consisting of a hollow central cavity surrounded by a ring of 
medullary vessels (o). The line of demarcation between these two tissues is crenulated 
with great regularity ; not only so, but at d, where the ligneous zone has been broken 
away from the zone of medullary vessels, we see that the exterior of the latter is fluted 
like the medullary cast of a Calamite, for which the specimen might very easily be 
mistaken. The more minute details of the transverse section are shown in the enlarged 
segment of it represented in Plate XXIX. fig. 34. In this figure it will be seen that the 
woody zone presents the convexities of its outline towards the medullary axis ; whilst 
the vessels of the latter, filling up the angles (d) between the convex projections of the 
former, are very small compared with those composing the rest of the medullary zone (c). 
The cellular tissue of the medullary rays has disappeared, but the cavities which mark 
their position are almost identical with those of fig. 21. In both this specimen and that 
previously described, vascular bundles (m) pass outwards to the leaves. 

We must now pass to some allied genera of the Lepidodendroid family. One of the 
most interesting of these is a very small specimen of Ulodendron, for which I have been 
indebted to Mr. Nield, of Oldham. Plate XXVI. fig. 24 represents a transverse section 
of this stem, magnified two diameters. Plate XXVII. fig. 25 is a longitudinal section 
of its central axis, enlarged twelve diameters. Plate XXVII. fig. 26 is a transverse 
section of the same portion, and Plate XXVIII. fig. 27 is a longitudinal section of the 
outer bark and epidermis, with the bases of its petioles attached. 

The structure of the central axis (figs. 25, 26) is identical with that of the Lqiidoden- 
dron represented in figs. 12, 13 & 14. We have at a the same vertical piles of cells, 
devoid’ of any indication of spiral structure, their transverse septa being, as before, 
sometimes rectangular and sometimes oblique. The transverse diameter of each of these 
piles varies from ‘0025 to *005. The cavity (a') in the centre of this medulla is clearly 
not fistular, but a mere rupture, the result of desiccation. Surrounding this is a circle 
of barred vessels (c) with about eight or nine tubes, counting radially ; these are not 
arranged in rows, but represent the medullary vessels of the Lepidodendra. The 
ligneous zone (figs, 25, 26, d) is very feebly represented. A great portion of its circum- 
ference has disappeared through disorganization, but it remains at one or two points ; 
nowhere, however, in such measure as to present a lineal arrangement of its small ban*ed 
vessels. It is chiefly in the longitudinal section that they can be distinguished by their 
small size. External to the central axis is a large space from which the tissues have 
wholly disappeared, comprehending most of the inner and middle portions of the bark. 
Externally we meet with some of the latter in the shape of coarse parenchyma, the cells 
of which have a diameter of *003. This passes through an exceedingly narrow layer of 
common prosenchyma (Plate XXVI. fig. 24 & Plate XXVIII. fig. 27, i), but a few cells 
in thickness, into the tubular prosenchyma (Plate XXVII. fig. 26 & Plate XXVIII. 

■* I have more recently obtained a second fine example of this species ficom Mr. jAams WniiTAxiiK, of 
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fig. 27, Jc) of the subepidermal layer, whilst beyond this again the outermost 'epidermal 
parenchyma reappears and composes the bases of the leaves (Plate XXVI. figs. 24 & 27, 1). 
These petioles present the usual appearance of such appendages. Plate XXVIII. fig. 28 
represents a tangential section of them, close to the surface of the epidermis. The trans- 
verse diameter of each cicatrix is fully three times its vertical one ; in other respects 
these petioles are undistinguishable from those of the Lepidodendra already described. 
Fig. 24, 1', shows that the extremities of the petioles are compressed and membranous, 
whilst theh* bases (fig. 24, 1) are turgid. One striking feature of this plant is the great 
apparent thickness of the mass of persistent petioles, as indicated by the lower portion 
of fig. 24, all external to the dark line of tubular prosenchyma (^) being an aggregation 
of these appendages. So far as all these portions of its organization are concerned this 
JJlodendron resembles the lowest types of Lepidodendron. 

The remarkable circular areolse of Ulodendron arranged in two vertical rows, one on 
each side of the stem, are sufficiently distinct in this specimen ; they have each a dia- 
meter of more than an inch. But sections through them exhibit no peculiarity of 
structure beyond the circumstance that, in this specimen, the epidermal layer is absent 
from their superficial area*. The margin of the band of tubular prosenchyma (Ic) forms 
their outer boundary line, whilst their supeificies is occupied by the middle bark. In 
one instance I have discovered indications of a vascular bundle running to the centre of 
the areola, but it is too indistinct to be of much value. It seems probable that these 
scars sustained objects which were chiefly developed fr'om the epidermal layer, and whose 
bases rested upon the outer bark ; they certainly were not roots or branches, and I 
incline to the belief that they were organs of fructification. 

Amongst numerous other specimens for which I am indebted to Mr. Whittaker, of 
Oldham, is a small but very well-marked fragment of Favularia, with the characteristic 
square cicatrices of full size and remarkably prominent. The specimen had been sub- 
jected to great pressure; consequently the suhepidermal layers of the two sides had been 
brought into the closest contact, whilst the central axis, along with detached fragments 
of the prosenchyma. had been squeezed out fr’om between the contiguous cortical layers. 
Unfortunately I did not obtain a good transverse section of the medullary axis and 
ligneous zone, Inning only discovered their presence by finding them in two of my 
longitudinal sections. The latter, hoAvever, show them with some distinctness. Plate 
XXVII. fig. 20 exhibits a longitudinal section of three of the epidermal leaf-scars (1) 
with a fragment of the central axis in almost its normal position, the greater part of 
the cortical prosenchyma, which ought to have intervened between the two, having been 
forced out of its place. Plate XXVIII. fig. 30 is a tiunsversc section of two of the leaf- 
scars and the subjacent prosenchyma. Fig. 31 is a radial longitudinal section of one 
portion of the central axis to the right hand of fig. 29, including part of the medulla, 
all the ligneous zone, and a little of the cm-tical parenchyma. Fig. 32 is a longi- 
tudinal section of the epidermal layer, showing the ti'ansition from the regular paren- 
^ The specimen has boon weathered or watered over; which may possibly. account for the abscnco. 
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chyma (1) of the leaf-bases into the tubular prosenchyma (&) adjoining the inner layer of 
the epiderm. 

The medullary axis has been ruptured, leaving a cavity (fig. 29, a') filled with carbo- 
naceous matter; it has consisted of cells (fig. 31, a) arranged in somewhat regular ver- 
tical piles, many of these cells having a quadrate shape with a diameter of *005, whilst 
others of the same form have only about half that diameter. Many others, again, are 
elongated vertically to a length of *012. Of the diameter of this axis I have no means 
of judging, owing to the derangement of these parts of the plant. This axis has been 
surrounded by a cylinder of barred vessels (figs. 29 & 31, d), which may have been disposed 
in radiating series, though I cannot be quite certain respecting this point ; since it is 
possible that this vascular zone may comprehend both medullary and ligneous vessels, 
the diflference between them being masked by imperfect mineralization. But the opi- 
nion that some of them were arranged in a radiating series is further sustained by the 
circumstance that, in parts of the woody zone, there are straight lines of cells, having 
a muriform arrangement, but the cells are elongated vertically as in the medullary rays 
of Calamites. I only meet with these in certain portions of my longitudinal sections ; but 
they look exceedingly like medullary rays, and are of course suggestive of a radial arrange- 
ment of the vessels between which they pass outwards. They may, however, belong to 
the bark. The vessels have a diameter of *0012 ; in many of them the transverse bars 
have disappeared through imperfect mineralization, but in others they are sufficiently 
distinct to demonstrate their nature. Immediately external to the vascular zone, I dis- 
cover patches of oblong, fusiform prosenchyma (fig. 31, y) ; but we now come to a hiatus 
(fig. 29, h) from which the tissues have been displaced, but which has been occupied by 
the middle bark. Small patches of the outer bark appear (fig. 29, i’) attached to the 
inner surface of the epidermal layer. All these patches consist of the same oblong fusi- 
form prosenchyma as that adhering to the exterior of the ligneous zone. Coupling these 
facts with the additional one that all the numerous detached fragments of bark seen ir 
the specimen consist of beautiful examples of the same tissue of uniform size, unmixed 
with any other ; and arranged in parallel lines with the greatest regularity, I arrive at 
the conclusion tliat the entire bnrlv has closely resembled that of the plant indicated by 
Plato XXV. fig. 8. At the junction of the outer bark (k) with the epidermal layer {1) 
we find the usual transition of the fusiforin into the tubular form of prosenchyma 
XXYIIl. fig. 32), wliich, as is seen in fig. 30, Ic, is still arranged in radiating lines, 
until it suddenly passes into the parenchyma of the external epiderm and of the bases 
of the leaves (figs. 30 & 32, Z). This pai’cnchymatous structure is one of the most regular 
and beautiful that I have met with. On making a tangential section of tlie bases of 
the leaves, we find that they consist entirely of parenchyma, but with a point in the centre 
of each scar, marking the spot where the vascular bundles penetrated the leaf, and where 
the parenchyma is much more dense, consisting of much smaller cells than elsewhere. 
The same conditions exist at the outer surface of each scar or petiole. I have not 
discovered any traces of the vascular bundles passing from the woody zone to the 
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epiderm in the longitudinal section, hut I find them in the tangential section of the latter 
tissue. 

From the above description it will be obvious that though Famlaria has its own 
peculiarities, especially as seen in the varied character of the cells constituting the me- 
dullary axis, and in the apparent though not certain absence of all medullary vessels, 
its general structure indicates its close affinity with the Lepidodendroid plants ; we have 
in both the same thick prosenchymatous bark with its thin tubular layer at the inner 
surface of the epiderm passing into the regular parenchyma of the petioles. These facts 
are important because of the obscurity which yet rests upon the history of the true 
^igillarise. No one has questioned the close affinity of Famlaria and Sigillaria : the 
very prominent cicatrices of the former are but exaggerated representatives of the slightly 
projecting leaf-scars of the latter. 

A remarkable specimen of Famlaria, which appears to have borne cones, will be 
described in the sequel of this memoir. 

Considering the abundance of Sigillarise in the Coal-measures, it is marvellous that 
indisputaile specimens displaying their internal organization should be so rare ; but such 
is the case. After years of search I have only met with three specimens, of the Sigillarian 
character of which there can be no doubt. One of these is a portion of the epidermal 
layer, with five of the parallel flutings that characterize the genus, each of the depressed 
ridges having a breadth of nearly three eighths of an inch, the distance between the 
central point of one areola and of that adjoining it being rather more. On the external 
surface the grooves separating the prominent ridges follow a slightly wavy course, as in 
the Sigillaria contracta of BEOisruifiAET and several other species ; but at the inner surface 
of the epiderm, where there are corresponding longitudinal projections, the latter are in 
straight lines, explaining the difference so commonly observed in the Sigillarise found in 
the coal-shales between the outer surfaces and the so-called decorticated portions ; the 
latter are, as I have already shown to be the case among the true Lepidodendra, casts 
of the inner surface, not of the bark, but of its epidermal portion, which has been held 
together by the firm layer of bast-tissue that occupies its inner surface. 

The structure of what remains of this specimen is very similar to that of the one last 
described. Plate XXIX. fig. 36 is a transverse section, enlarged four diameters, of four 
of the ribs, the outer surfaces of which project into the stone. Fig. 36 represents one of 
these, magnified thirteen diameters. The external portion {1) consists of very regular 
parenchyma, which becomes exceedingly dense at its outer surface ; but internally these 
cells assume a radiating linear arrangement, a circumstance to which I shall again call 
attention when speaking of the structure of Stigmaria. Still more internally (i) we 
have smaller prosenchyma arranged in the usual radiating lines. On turning to the 
longitudinal sections, Plate XXyill. figs. 37 & 38, the latter of which is a more highly 
magnified representation of a portion of the former, we have precisely the outline which 
a corresponding section of an ordinary Sigillaria would present. The depressions (1) in 
the outline represent the lozenge-shaped scars left by the deciduous petioles, whilst I' are 
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the sloping surfaces running from the inferior margin of one cicatrix to the base of the 
upper prominent edge of the next below it. The inner surface of the section exhibits 
the prosenchymatous layer (i), which occupies about one half of the section ; part of this 
prosenchyma consists of cells of the usual fusiform type, whilst other portions are pro- 
longed into tubes, as amongst the Lepidodendra. I found the above specimen amongst 
the Lower Coal-measures near Oldham. 

Though there is no question that the specimen last described is a true Sigillaria^ it 
belongs to a type intermediate between the true Famlariw and the Syringodendra. 
But Plate XXIX. fig. 39 represents three of the longitudinal ribs of a true Syringoden- 
droid 8igillana^ from a specimen for which T am indebted to Mr. Nield, of Oldham. 
The figure is of the natural size. A transverse section of a portion of this specimen, also 
of the natural size, is seen in fig. 40. Plate XXX. fig. 41 represents a segment of fig. 40, 
magnified 15 diameters, and Plate XXIX. fig. 42, which is also enlarged 16 diameters, 
is a radial longitudinal section which passes through iDart of one of the leaf-scars. 

I cannot identify this Sigillaria with any of Beongniart’s species ; but it unmistakably 
belongs to the group of 8. 8aullii, 8Glilotheimii, and scutellata, and of which his 8ynn- 
godendron cyclostigma has merely been a narrow-leaved example. 

The transverse section (fig. 41) merely exhibits an external layer of parenchyma {1) 
with an inner one arranged in regular radii, and which ' consists of an elongated tubular 
form of prosenchyma (^), an arrangement almost identical with that of the corresponding 
section of Favularia (Plate XXVIII. fig. 30). The longitudinal section (Plate XXIX. 
fig. 42) is much more interesting: at I we again have the parenchyma, the cells of 
which tend to an arrangement in lines which incline upwards and outwards. Immedi- 
ately below each leaf-scar the cells are purely parenchymatous, but lower down, in the 
space between two leaf-scars, they become , more elongated and fusiform than in the 
portion figured. 

The elongated prosenchyma (i) of the inner epiderm and outer bark is very regularly 
arranged in elongated tubuli ; but as the very thin radiating laminae of these elongated 
cells do not exactly run parallel with the plane of the section^ they are intersected at 
intervals by lines, /j', giving rise to the appearance of medullary rays, an appearance 
also represented in tlie corresponding portion of Beongiviaet’s 8/giUaria elegans. That 
author describes this tissue as “ forme de cellules allongces, tres-serrees terminoes par 
des extremites coupees obliquement, ef dmit jphtsieurs contiguiis corresjgondmt d la m^me 
hauteur, de manihre gue leurs terminaisoiis forment des lignes trans-versales en zigzag'‘^^. 
The last portion of the sentence which I have italicised is, I believe, a mistake. I have 
no question that, in my specimen at least, the appearance is due to the cause just speci- 
fied, viz. to a want of exact parallelism between the planes of the radiating laminse of 
prosenchyma (seen in the transverse section, fig. 41, 1c) and that of the vertical section. 
Of course whenever the latter passed obliquely through one of the former, which it does 
continually, it would cut off a number of tubes in the same line, and give them the 

* Loo. cit. p. 419. 
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appearance of terminating at that line, which certainly is not the case*. The arrange- 
ment of the parenchymatous and prosenchymatons tissues' in this section again corre- 
sponds yery closely with that seen in the similar one of Favularia (fig. 32). But the 
most instructive part of the specimen is exhibited by the vascular bundle (fig. 42, m), 
consisting of several very minute barred vessels, and obviously surrounded by a thick 
mass of very delicate cellular tissue, which is parenchymatous, but with a tendency on 
the part of the cells to become elongated in the direction taken by the vascular bundle. 
Near the outer smface of the epiderm these cells become merged with the ordinary 
epidermal parenchyma. Where this cellular mass, in passing through the epiderm, comes 
in contact with the prosenchyma of the latter (fig. 42, i), the tubes of the prosenchyma 
all bend inwards in the line of the vascular bundle : this is the case in each instance 
where my sections cross a leaf-scar. It will also be seen from fig. 42, that, at these 
points, the prosenchymatons tissue projects {k) into the subjacent bark. 

The entire thickness of this double layer has been fully a quarter of an inch. In the 
interior of the stone that of the opposite side is also preserved; but every portion 
of the intervening bark, as well as of the central vascular cylinder and medullary axis, 
has disappeared. The specimen is in the condition in which all the flattened stems 
of the Sigillariee so common in the coal-shales doubtless have been, viz. a mere cylinder 
of epiderm., rendered tough and resisting decay through its inner layer of elongated 
fibrous prosenchyma, and having its two opposite inner surfaces brought into near proxi- 
mity as soon as sufficient pressure was applied to the sides of the stem. 

It is a remarkable circumstance that after the publication of the valuable and clearly 
illustrated observations on the structure of Stigmaria made by M. BROGNiARTf, there 
should have been, in later years, so much misapprehension respecting this well-known 
plant. 


The first movement in the •wrong direction originated with Professor Goeppert, who 
described a Stigmaria Q&mqs dcs Plantes Possiles,’ tab, 13)with vascular bundles pass- 
ing longitudinally through the pith, and fcom which he believed the vascular bundles 
going to the rootlets were supplied. In this he w-as followed by Dr. Hooker (Memoirs 
of the Geological Survey of ‘ (ilreat Britain),’ wlio clcurl}' affirmed the existence of medul- 
lary rays and bundles, but adopted GoEPPER'r’s idea as to their origin. At this stage of 
the inquiry a very fine pyiitized specimen came into my possession, a figure of which was 
given by Mr. Bij^net in the ‘Quarterly Journal of the Geological Society of London’ 
(vol. XV, pi. iv. fig. 1, a). This specimen, and others subsequently found by Mr. Bikkey, 
made it clear that the woody axis had been surrounded by a tliick, but as yet unknown 


* The mistake is mine. I have more recently ohtnincA eviAence that, cron in my specimens, these long, 
paroUd-sided cells are bounded at their extremities by the horizontal lines, ls\ as described by the Ercnch 
botanist. — ^May 5, 1872. 

t “Observations sur la struetare interne du Si^laria elegam comparec i\ ecllc des Le'guMcnchon ot Acs 
SUgrmria et ^ celle des vegetaux vivants. Par M. AnoirHE Beoxgniaht,’' Extrait des Archives du Museum 
d’Histoire Naturelle, tab. 5. figs. 6, 7, & 8. 
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bark. In the memoir jnst referred to*, Mr. Bifnet recognizes the medullary rays, but 
again adopts Goeppeet’s explanation of the origin of the vascular rootlet-bundles, and 
gives a figure of a specimen which he supposed afforded confirmation of this explanation, 
having ten or twelve large vessels, as he believed, in the pith, each of about one tenth 
of an inch in diameter.” The largest vessels which I have seen in the woody stems of 
Stigniana do not exceed *005 in diameter, whilst those going to the rootlets are gene- 
rally much smaller. I have elsewhere called attention to the way in which the rootlets 
of SUgmaria have penetrated every thing within their reach that was penetrable ; and I 
have no doubt that in both Professor Goeppeet’s and Mr. Binney’s specimens, these 
supposed medullary vessels were really Stigmarian rootlets that had found their way 
into the interior of the cavity left by the decay of the medulla, and been mistaken for 
part of the xfiant into which they had intruded themselves f. Mr. Binney, in 1857, 
discovered the structure of the rootlet of Stigmaria^ and also gave the first insight intc 
the nature of the outer bark. In some specimens supplied to him by Mr. Bussell, of 
Airdrie, he found remains of an outer radiating cylinder, at a considerable distance fron 
the inner one, and upon which the rootlets were planted. This outer cylinder Mr. 
Binney described as consisting of “ wedge-shaped masses of tubes or elongated utricles ”J. 
With this discovery progress virtually ceased. The subsequent history has mainly 
been one of retrogression. Notwithstanding the clear statements of IIooeee, and the 
equally accurate figures of Beongniaet, it has become the fashion to deny the presence 
of medullary rays in Stigmaria. This has been done on several occasions by my frienc 
and fellow labourer in this field of research, Mr. Caeeutiiees ; but I think I shall be 
able to demonstrate that, for once, his usually accurate powers of observations have 
failed him, owing partly to his not having seen the best specimens, and partly to hii: 
general objection to the recognition of medullary rays in the stems of these Pal£eozok 
Cryptogams. Mr. Caeeuthees states that he has met with one specimen in which the 
central axis exhibits elongated scalariform cells. Not one of my numerous specimens 
contains a trace of any such structure, I speak with hesitation as to the cells of the 
central part of the medulla, because even when present these cells are almost always 
disintegrated ; but so far as the more peripheral ones of the pith of the true Btigmana 
were concerned, I have the clearest proofs that they never were barred. 

I am convinced that one cause of the discrepancies that exist amongst writers on this, 
subject has been the want of an exact definition of a SUgmaria^ several very distinct 
roots having been included in the term. But the plants described by Bbostotaet, 


* Some observations on Biigmaria (Joe. cit. pi. iv. fig. 2). 

t I have before me at the present moment a section of a large Le^idodendrm of wHch tbe woody axis and 
its medullary centre have disappeared, the thick cortical layer alone remaining. A laxgo Stigmarian root has 
found its way into the cavity and filled it up, giving ofiPits peculiar rootlets within the Lepidodendroid cylinder. 
Such a specimen would inevitably mislead even a botanist, whose eye was not familiar with the appearanees of 
the i?wo ^ants. 

$ Philosophical Transactions, 1865, p. 593 aud woodcut 4. 

9, V 9, 
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Hookee, and Binnet have such distinctive features that they ought not to be mistaken 
for any other. I shall now proceed to show what those features are. I must add that 
for some of the most remarkable specimens which have enabled me to throw additional 
light upon this subject, I have been indebted to Messrs. Nield and Whittaker, of 
Oldham. Others have either been furnished by Mr. Butteeworth, or found by myself. 
Of the figures accompanying this memoir, Plate XXX. fig. 43 is a portion of a longi- 
tudinal radial section of a part of the woody cylinder at its inner or medullary surface. 
In this figure, is a vascular bundle passing outwards through a large medullary ray. 
Plate XXTX. fig. 44 is a corresponding section of the outer part of a similar cylinder. 
Plate XXIX. fig. 45 is a tangential section from the interior of the woody cylinder, 
revealing one large or jprimary, and numerous smaller or secondary medullary rays. 
Pig. 46 is a still more enlarged section of part of fig. 45, with two vessels and several 
secondary medullary rays. Plate XXX. fig. 47 is a transverse section of part of the 
medullary or inner portion of the woody axis, with a primary medullary ray and avascular 
bundle going off to one of the rootlets. Pig. 48 is part of the external surface of the 
ligneous cylinder. Pig. 51 is a transverse section of part of the epiderm with the 
attached bases of three rootlets. Plate XXXI. fig. 52 is a further enlargement of 
another rootlet with the epidermal layer from which it springs, and fig. 53 is a diagram- 
matic restoration of the entire plant. Each of these structures requires to be examined 
in detail. 

Several of the specimens which I have examined exhibit more or less of the 
medullary axis, especially one given me by Mr. Whittaker, of Oldham. It consists 
of delicate parenchyma, which is better preserved where it is in contact with the ligneous 
zone (Plate XXX. figs. 43 & 47, a) than in the more central portions, where it has been 
more liable to become disorganized from some unknown cause. The cells have a 
diameter of from -005 to ‘0025. There is not a trace of any spiral or barred structure 
in the cell-walls, nor of any medullary vessels such as are common in many of the Lepi- 
dodendroid stems. 

The woody zone consists, as is well known, of a cylinder of radiatiug wedges which 
increase in size from within outwards. These wedges arc composed of large barred 
vessels arranged in radiating lines, and in the most regular order. The external surface 
of the zone, as seen in one of Mr. Whittaker’s fine specimens, is represented in Plate 
XXX. fig. 48, which exhibits a disposition of the structures recurring in every tangen- 
tial section made from any part of the woody cylinder, and which disposition is one 
essential characteristic of a true Stiginaria. The woody wedges (fig. 48, e) alternately 
approximate and diverge, leaving, in the latter case, large lenticular spaces (/*') filled 
with muriform cellular tissue passing straight through the entire ligneous zone, and 
which are the medullary rays of Broxg^']art and PIooker. The vessels (<?) have a 
diameter 'which varies from *0025 to *005. On making a tangential section like 
Plate XXIX. fig. 45, we see that the lenticular orifice is a large medullary ray (/'), 
which maybe distinguished by the name oiyyrimary. It consists, as seen in the section, 
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of ordinary but very delicate parenchyma, which gradually thins out, upwards and down- 
wards, into a single interrupted row of cells. This latter part connects these larger 
medullary rays with a multitude of smaller or secondary ones (/) seen in the same 
section. Sometimes these consist only of one single cell: more frequently we see 
two or more arranged in a single vertical series ; and from time to time still lai'ger ones 
occur with two or even more parallel vertical rows of these cells, thus approximating 
their arrangement to that of the primary rays. The cell-walls of these secondary 
medullary rays are so exceedingly delicate and thin that it is not easy to trace them 
through the radial longitudinal sections of the ligneous axis; nevertheless careful 
manipulation of the light enables the observer to do so. At their inner or medullary 
extremity all these rays, primary and secondary, take their rise in, or rather are merely 
prolongations of the cellular medulla, the parenchymatous cells of the latter (Plate XXX. 
figs. 43-47, a) being unaltered in shape or arrangement in the immediate neighbourhood 
of these radial prolongations of the pith ; but on entering the medullary ray they soon 
become mural, being elongated in the direction of the ray. This elongation is seen 
equally in transverse sections (fig. 47,/') and in radial ones (Plate XXX. fig. 43,/, & Plate 
XXIX.'fig. 44, /). At their outer extremities (fig. 44, c/) they merge in a corresponding 
manner in a delicate cellular tissue (fig. 44, g), which constitutes the innermost layer of 
the bark. 

We see in the transverse sections of the woody cylinder very clear evidences of suc- 
cessive and interrupted exogenous growths. At each of these lines the continuity of 
the radiating lines of vessels becomes wholly interrupted and a new series commences. 
These new vessels are at first very small and irregularly disposed, but, as we proceed 
outwards, they soon resume their regular arrangement and size. In one of my sections 
I have clear evidence of a new circle of these small and irregularly disposed . vessels 
forming externally to the entire cylinder, as if in a cambium layer. These additional 
layers are not always added equally to the entire circumference of the Stigmaria ; they 
sometimes only surround some two thirds of that circumference, as is not unusual 
amongst living Exogons. But the most remarkable feature of the woody zone is 
supplied by the vascular bundles given off to the rootlets, and which reach them exclu- 
sively through the primary medullary rays. On making a tangential section of any 
portion of the woody c}'linder, wc discover appearances which arc virtually repetitions of 
what is seen in Plate XXX. fig. 48, the latter being merely the extermd surface of the 
ligneous zone, which exhibits the same arrangement of tissues in all sections made jjurallel 
to that surface. The bundles of vessels (e), which arc really the external surfaces of the 
radiating woody wedges seen in the transverse sections, alternately sepai'ate and reunite, 
leaving the large lenticular areas (/') constituting the primary medullary rays aheady 
described. As one of these rays proceeds out\vards, the vessels bounding its sides at 
the upper angle detach themselves from tlic wedges to which they severally belong, 
and combine to form what, in the tangential sections, appears as a tonguc-like projection 
hanging down (Plate XXIX. fig. 45, n, & Plate XXX. fig. 48, 5i) into the ray. A radial 
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section made in the plane of this tongue, shows us that the vessels composing it are 
deflected outwards (Plate XXX, flg. 43, ri) at right angles to their previous course. In 
the section fig. 43 the cells of the part of the medullary ray bounding the remoter side 
of this mass of deflected vessels are seen at/". Fig. 47 is an oblique transverse section 
passing through the inferior keel-like edge {n) of this vascular mass at the innermost part 
of its course, and exhibiting the derivation of its component tissues from the two vascular 
wedges (e, e) bounding the medullary ray through which it ploughs its way outwards. 
Plate XXIX. fig. 44 is a radial section fi'om the external portion of the ligneous cylinder, 
where we still find even the outermost of the vessels {e) contributing their share to this 
vascular root-bundle {n)^ the letters /in this section indicating the external portion of 
the medullary ray just previous to its becoming merged with the inner bark [g). It 
follows that an enormous number of the vessels directly vertical and superior to each 
primary medullary ray have their lower extremities bent outwards ; but when we 
examine the ultimate bundles (Plate XXXI. fig. 62, that leave the exterior of the 
woody cylinder and pass through the bark to the rootlets, we find that the number of 
vessels composing them is very limited, rarely reaching twenty. Hence it is evident that 
the greater part of the deflected tubes never reach the rootlets, but successively disappear 
in the tongue-like projections seen in Plate XXIX. fig. 44, w, <& Plate XXX. fig. 43, n. 

With the exception of the portion of the exterior noticed by Mr. Binney, the cortical 
layer of Stigmaria has not yet been described ; but a series of specimens in my cabinet, 
and in those of my coadjutors, enable me to fill up this hiatus in the history of the plant 
. I have already pointed out that the exterior of the ligneous cylinder is invested by a 
thin layer' of very delicate cellular tissue (fig. 44, g), the cells of which are somewhat 
elongated vertically (Plate XXX. fig. 49, g)*. In other respects they are almost identical 
with those ot the pith, and wholly so with those of the medullary rays, save in the 
direction of their longer axes. In a large majority of the examples which I have seen 


this tissue is the only representative of the bark that is preserved; but I have several 
specimens which, wlieu combined, give me its entire substance. Tire thin layer of 
delicate cells seen in fig. 40, which is not above *01 5 in thickness, soon passes into a 
thin stratum ot equally delicate parenchyma, which in its turn passes into a ’^ni’y thick 
layer consistbig of an iiTegular and variable mixture of prosenchyma aird parencliyma, 
but principally the former. In transverse sections these tissues are seen arranged in 
very narrow but 3‘egular radiating lines, each of which usually has a breadth of about 
■00085. Tire appearance in this section is that of a coniferous wood with very delicate 
fibres; but on making either a radial or a tangential section, the tissues forming this 
part of the bark usirally appeaivas represented in Plate XXXI. flg. 50. It will be seen 
iioni this figure that whilst soiue of the cells have pointed and overlapping extremities, 
others have slightly oblique, and others, again, square ends. The tissue has evidently 


* Ic is impossible to overlook the close rescmblaiico wbicli this tissiio boars to tliat seen investing the vascular 

bundles of i.ho living Lyeopods, and to rvliich NAur.ni and Sachs have given the appropriate name of procambium, 
— May 6, 1872. 
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been prosenchymatous in its general character, but of a very corky form. This is not 
only shown by the large amount of parenchyma which enters into it, hut also in its 
extreme liability to compression. In one of my specimens this compression from without 
has given the transverse section an appearance of numerous concentric bands arranged 
parallel with the surface of the ligneous zone ; an appearance which puzzled me the 
more, since this was the first example in which I found the entire bark. Other examples 
subsequently coming into my hand threw light upon the perplexing arrangement. 
Numerous little apertures exist in this bark, through which, I doubt not, the vascular 
bundles passed to reach the rootlets. 

The portion of the bark which is most frequently preserved is the epidermal layer, 
the structure of which is interesting because of its relation to that of the rootlets long 
since described by Mr. Binnet. Plate XXX. fig. 51 represents a transverse section of 
this epiderm with the bases of three of the rootlets implanted in it, whilst Plate XXXI. 
fig. 52 represents the same tissue yet further enlarged, from another specimen lent to 
me by Mr. Boyd Dawkins. As will be seen from the latter figure, the epiderm con- 
sists of a very regular form of thick-walled pai’enchyma (1), the cells of which become 
very much smaller and more derfte as they approach the outer surface. Internally 
this parenchymatous layer is continuous with a more delicate one (il"') of the same 
character but with thinner cell-walls, and the cells of which soon become vertically 
elongated and arrange themselves in straight lines radiating inwards, as in Sigillaria. 
This is doubtless the radiating cylinder seen by Mr. Binney in Mr. Bussell’s specimens 
previously referred to, only instead of being arranged in wedge-shaped masses, as repre- 
sented by Mr. Binney, a result of the. imperfection of his specimen, it is a perfectlj/’ 
continuous layer, and doubtless represents the exterior of the bast-layer of the Lepido^ 
dendroid type. The thickness of this outer bark is unequal, in consequence of the depres- 
sions (Plate XXXI. fig. 53, jp) that receive the proximal extremities of the rootlets; 
whose bottle-like bases, when perfect, as in fig. 51, o\ are implanted in [concave depres- 
sions of unequal depths, displacing both parenchyma and prosenchyma. The external 
cellular cylinder of the rootlet (o) is merely an extension of the thick-walled outer epiderm 

and is not in any 'way articulated to the prosenchymatous tis.suc. Within this i.s a space 
(Plate XXX. fig. 51, o', & Plate XXXI. 62, o') in which I have never seen the tissue 
preserved in rootlets which could be proved to be Stigmarian. Myriads of rootlets exist 
in the calcai’eous nodules from which our Lancashire specimens are obtained, of wliicli 
all the cellular structures are preserved from their central vascular bundle to their peri- 
phery ; hut these, I am convinced, belong to other plants than that under consider}.! tion. 
In the centre of the vacant space we have tlic vascular bundle (??), which, though always 
intersected in some part of the section, can rarely be traced far in one plane because of 
the flexures of the rootlets. The central axis of about twenty barred vessels is alwaj^s 
surrounded by a thin cylinder of delicate cellular tissue. Wherever we sec these vascular 
bundles in the bark between the woody cylinder of Stigmarite and the epiderm, we inva 
xiably find this cellular ring surrounding the vessels, as at fig. 52, ri ; it is contiuuous with 
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the innermost bark and with the cells of the primary medullary ray through which the 
bundle emerged. It appears at fig. 61, n", where the bundle is entering the rootlet, 
and it equally reappears if we intersect the latter at its extreme tip. The epidermal 
tissues immediately subjacent to each rootlet are always dense, consisting of small paren- 
chymatous cells, which show a tendency to arrange themselves in radial lines (fig. 61, k). 
When the vascular bundles are intersected between the woody zone and the epidermal 
layer, their outline is usually that of a triangle with convex sides, as seen at fig. 52, n'. 
Plate XXXI. fig. 53 is a restored diagram, exhibiting what I believe to have been the 
structure and form of Stigmaria in its integrity. The several parts of this diagram 
will be easily identified with the details of the preceding description, because the same 
letters have been employed in both to represent corresponding tissues. 

I have frequently found in the Lower Coal-measures at Oldham fragments of a very 
curious bark that long perplexed me, because I was unable to discover it in association 
with any woody axis. In one example it appeared partially to surround a Diploxylon ; 
but as the portion on one side of the ligneous cylinder appeared to be in a reversed 
position to that on the other side, I both hesitated to connect them and was unable to 
decide which was the inner and which the outer surface of the bark. On cutting verti- 
cally through a part of the specimen represented in Plate XXYIII. fig. 33, and which 
is essentially a Bijgloxylon^ I again found the anomalous bark associated with this type 
of ligneous cylinder, and under such circumstances as left me little room to doubt that 
it belonged to the same plant. The general appearance of these fragments, when cut 
transversely, is shown in Plate XXXI. fig. 64. Spaces of a lenticular form {li) radiate 
towards the periphery* ; these are filled with cells, whose parallel sides cross the short 
axis of each space. The long axis of each cell is often as much as -0075 in length and 
•005 ill the opposite direction. At one extremity these lenticular masses show a disposi- 
tion to converge at irregular projecting points ; at the other they gradually pass into 
regularly disposed lin es of narrow proscncliy ma (//). The lenticular masses of cells exhibit 
nearly the same appearance in the radial section that they do in the transverse one ; but 
a tangential section exhibits the cells in fasciculi (fig. 50), wliere small clusters of them 
arc seen enclosed within dark and strongly defined areas of a doubtful nature. In the 
regularly airanged proscnchymatous ])ortioii3 tlic tangential and radial sections are very 
dificrent from the transverse ones, and, indeed, they vary in different specimens. Pig. 55 
is a radial section of a strongly marked type, in which the proscnchymatous colls appear 
to be of nearly equal lengths and with square ends, so much so, indeed, as to resemble 
some varieties of mural tissue common amongst the Calamites ; but in the tangential 
section (fig. 50) we see that they arc prosencliymatous, but of a very sharply defined 
geometric type, with straight walls and very distinct angles. Put in many other spcci- 

* I have just met vfith. an exanjplo of Stigmariaii liiirk, with ila ehnniftonatic rootlet attadiccl, in Avbich t]ie 
structure represented in fig. 54, //•, occurs, iiitcnucdinto in position hotwccii the outermost pnrcncliviiin, and the 
more internal radiating proscnchymatous layer, hlcndiiig the two : Avheihor it is merely a variety, or belongs to 
the Stdgmarian root of some distinct species of Lepidodendroid plant, has yet to he asebrtaiuod. — ^Aug. Gth, 1875. 
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mens whicli I Lave dissected, this geometric character is less obvious, the prosenchyma 
assuming in them the aspect so common in the bark of Stigmaria. On a fragment of 
the specimen fig. 33 there are indications that the bark has been very thick*, and that 
the portion represented by fig. 54, has not been far removed from the woody cylinder, 
though not being actually the innermost bark. The more external parts consist of 
radially arranged prosenchyma, but with an appearance of a second row of lenticular 
masses of large cells external to, and of smaller size than, that first described. I have 
noticed an approach to all these peculiar arrangements in some specimens of the bark of 
the common Stigmana^ which has evidently varied in the details of its structure, the 
variations possibly representing different genera and species of Lepidodendroid and 
Sigillarian plants. 

The only specimen which remains to be described is a very important one which I 
discovered in the cabinet of Mr. Nield. It is a cast or impression of the outer surface 
of a Favularia (Plate XXXI. fig. 68), of a very strongly marked type and with very 
prominent leaf-scars. But its value consists in the exhibition of a transversely disposed 
verticil of lozenge-shaped scars (fig. 58, t) of a very remarkable character. The figure is 
enlarged to double the size of the original, in which, being a cast, what are now promi- 
nences represent corresponding depressions on the surface of the original bark. The 
centre of each lozenge-shaped disk consists of a small but prominent circular area ; this 
is surrounded by a ring of much smaller tubercles. Each disk is located at a point where 
the vertical continuity of the lines of leaf-scars, always so regular in ordinary specimens, is 
broken, those below the disks being arranged in an alternating series with those above 
them. It is evident that we have here an hitherto undescribed feature in Favularia ; 
but, on discovering the specimen, it occurred to me that I had frequently observed, in the 
ordinary examples of the so-called “ decorticated ” Favularice, transverse bands crossing 
the stems, along which the regularity of the leaf-scars was interfered with and their 
distinctness blurred. Bkongniart has represented a specimen of this kind in tab. 155 
of his ‘ Histoire des Vegetaux Fossiles,' though in his plate the break in the continuous 
lines of loaf-scars is less marked than is often the case. On examining the Favida/'l/M 
in my cabinet, 1 found one in whicli the subepidermal surface displayed the same iiiter- 
ruption, but over a part of which there remained the usual layer of coal representing 
the superficial tissues. On the exterior of the latter I found several scars similar to 
those of fig. 58. I think there can but be one conclusion respecting these cicatrices. 
They did not bear leaves, because these are represented by the usual scars above and 
below them. They are much too small for ordinary branches, besides which, verticils of 
branches are unknown things amongst these Sigillarian and Lepidodendroid plants. I 
conclude, therefore, that they supported a row of cones. Now it so happens that one of 

* I have more recently met w-ith another example in which the outer prosencliymatous structure was nearly 

inch thick ; it was of the typo containiug a mixture of ordinary and fusiform cells, the latter elougated 
vertically and having a length of about *015. The arrangement exhibited irregularly alternating concentrio 
layers of prosenchyma and parenchyma, the one gradually passing into the other. 

MDCCCLXXII. 2 a 
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tLe most common of the Lepidodendroid strobili in the Lower Coal-measures of Oldham 
is a small one, of the central axis of which I have given a representation in fig. 59, enlarged 
two diameters, or in the same proportion as fig. 58. Of course I cannot aflBrin that the 
two are actually portions of the same plant ; but it is enough for my present purpose to 
indicate the possibility of such a relation. The correspondences of size, the similar 
central area in each, and the vascular ring surrounding that area 'present coincidences 
too striking to be overlooked. 

It will have been observed that I have said nothing about that remarkable form of 
Lepidodendroid plant, the Ralonia. The fact is, I have not been able to obtain speci- 
mens throwing any light upon this subject beyond what has already been done by 
Mr. Dawes. His figure and description, given in the Proceedings of the Geological 
Society of London for March 22, 1848, are so clear that there can be no difficulty in 
locating the plant in its proper place. The central axis consists of cells arranged as in 
my Plate XXVI. fig. 13, Plate XXV. fig. 14, & Plate XXVII. fig. 25, this is surrounded 
by a cylinder of barred vessels, as in fig. 13, from the outer surface of which the vascular 
bundles going to the bark are given off. 

The late Mr. James Wilde, of Oldham, published a notice in the ‘ Geologist’ for 18G3, 
p. 266, in which he states that a specimen of Lejiid.odendrm with an llalonia attached 
settles in the affirmative the question whether or not the latter is the root of the former. 
Through the kindness of Mr. Nield, in whose cabinet the specimen now is, I have had 
the opportunity of examining it, and conclude that it does no such thing ; it merely 
shows, what we knew before, that Ealonia is part of a Lepidodendroid plant. 

A fragment of an Ealonia furnished to Mr. Dawains by Mr. WniTTAKEii, of Oldham, 
shows that the projecting tubercles wffiich characterize Ealonia arc of the same nature 
as the scars of Xflodendyon which I have already described, viz. that tlicy consist of the 
outer bark which has here pushed up into the epidermal layer, the latter being deflected 
along their sides. I have little doubt but that the Ealoriia svas a fruit-bearing branch 
of a Lejri.dodfindron. and that from each of the tubercles there w'as suspended a cone*. 


* Since tlio atove Tras v-ritton. I have, obtained a considerable ainoimt of iiifovTnation on this eiibicct.- Two 
iine specimens in tlic ^Inscnni of the Sranchester Geological Society, not only tliro^v light upon iho condition 


just dcRerihf.d, hnt also upon the rolalions of IMojiia and modendron. One of tlioso pp(!cinions is a lino 
Bahma ■.‘ix/ulayis, of the usual tj-pe, bxit which is further invested with a thick hark, sboxi-ing fhal the oxauvjdos 
of this plant so eonunonly seen are semi decorticated ones, and that the eliaractoristic tubftTinilated aurfiieo is not 
the outermost one. I may premise that my more recent iiivcstigaiioup have compelled mo to alter botuo of tho 
terms applied in this memoir to the several parts of the bark, in order to bring them into harmony with what 


I find in recent LycopodiatjeaB ; eonscquoiitly in a third memoir, recently laid before the iloyal Society, I liave 
designated the middle baik (7i) of this paper the parenchymatous layer. The outer bai’k (-i and 7c) I have tcnnctl 
the proscncli 3 ’inaLOUs layer, and wliat I have caUod tho epidermal (1), I now dcsigjiate tho subcpidcrmal layer. 
The detailed reasons lor employing those tcnnsTvall he given in the uicmoii’ referred to, luea nwhilc they may l)o 
applied to the specimens imder consideration. Li tlie now ITaloma, the conieal maimuilllibrin tuhcrclcs 
evidently projected entirely through the prosouchymatous layer, and through a groat part of tho suhepidcrinal 
one, a thin Mansion of the latter alone appearing to invest tlic apex of tho tubercle j and even here there is 
a small central mucro which exhibits every indication that it accompanied something which projected entirely 
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Haying thus reviewed all the principal facts that have come under my personal 
observation, and I have almost entirely confined myself to such, it now remains to , be 
seen what general conclusions can be drawn from them. We began with a Lepidodeu- 
droid plant, L. selaginoides, in which we found the medullary axis largely occupied by 
a great number of scalariform vessels ; but we saw that these were not arranged in 
radiating order, neither did they give off any vascular bundles to the leaves. These 
bundles were confined to the inner surface of a very narrow, but nevertheless distinct, 
enclosing circle of somewhat smaller vessels, between which, and passing radially out- 
wards, were vertically disposed rows of cells, which I believe to be true representatives 
of medullary rays, whilst the thin cylinder through which they pass is the woody zone 
separating medullary from cortical structures. The bark we found to be thick, consisting 
of varying elements of parenchyma and prosenchyma, but chiefiy the latter ; and near 
the outer surface we discovered a layer of prosenchyma, where the cells are so eloii- 


throTigh. the bark, being, in fact, an investnre of tbo vascular tissue accompanying the latter to wkatover 
organism tb.e tubercle belpod to sustain. 

It thus appears that those outer layers of bark, having an aggregate thickness of from throe eighths to half an 
inch, filled up the deep valleys separating the conical hillocks of the Halonia, and almost reduced tho entire sur- 
face of the plant, "when living, to a uniform level. These determinations bring tho minute and goomotrically 
arranged punctations covering tho surface of tho Halonia into homological relations with similar marldngs soeii 
on other somideoorticated Lopidodendroid plants. 

The other specimen to which I have referred is a very large example of ono of tho round or oval scars so 
characteristic of Ulodendron, but which, instead of being more or less deprosaod, as is commonly tho case, stands 
out as a projecting cone at least 3 inches above the semidccorticatod surface from which it rises. If this cone 
represents, in Ulodendron, the mammillary protuberance of Halonia (and that it docs so I ontortain no doubt), 
its height gives us a measure of tho extreme thickness of tho proscnchymatous and subopidermal layers of the 
plant to which it belonged. 

The above specimens having again drawn my attention to Halonia, I gladly availed myself of some specimens 
coEeoted and placed in my hands by my Mend W. Botd Eawxixs, Esq. On maldng sections of these I disco- 
vered that the vascular axis consisted of a very distinct vascular medullary cylinder enclosing a well-marked 
cellular medulla ; there was no exogenous zone around the cylinder, but in its place a circlo of rcmarksbly 
numerous and closely disposed vascular br ; ' ■ if ‘ -I ^ i groove in the exterior of 

tho medullary cylinder, and will cb in tho the corresponding seofion 

of the handle in its concavity. I'lio cortical tissue cousisted of the pareuoliyraatous layer (7<), with hero and 
there slight traces of the more external proscnchymatous one (i), l;hc remaining iissnos liaring disappeared. 

It is Ihus clear that, as I have already suggested, tho specimens of Halonia with which collectors ain famihar 
are branches which have Inst the two outer layers of their bark. It is also obvious thal; tho structiuc of Halonia 
and that of tho branch represented in Plate XXVI. fig. 24 arc identical ; only in the latter sijccimen the exte- 
rior of the vascular medullary cylinder is not quite perfect, since thronghont the greater part of it the external 
indentations with theii’ cjiclosod vascular hiuidlos have almost aU disappeared. A few, howcvc]', remain showing 
that they wore originally present, as in my sections of Halonia. On the otlier hand, lig. 2 1 & Plate; XXYII. fig. 25 
exlubit the proscnchymatous and suhcpidcrmal layers of the bark, which arc deficient in Mr. DAWXiXs's specimen. 

Still more recently specimens of the greatest importance, and of most exquisite beauty, have been supplied to 
me by "Mr. ‘WiiTTiAniiii. From these I can easily make out almost tho entire stj-ucture of the stem of Halonia. 
Tho cellular pith and investing moduUfuy cylinder are arranged in oui' new cxami)los as ah'oady described. 
The vascular foliar bundles appear as in IVIr. Dawxtxs’s specimen ; but wo fnrlljior learn from them tho exact 

G 2 
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ated as to constitute a distinct bast-layer, wliich has exhibited a constant tendency to 
3parate itself from the other subjacent cortical tissues. Outside this bast-layer we have 
iie superficial epidermis, consisting of thick-walled parenchyma, which also constitutes 
tie tissue composing the bases of the leaves. 

These arrangements are repeated with variations of detail throughout the entire 
jepidodendroid series. In Mr. Bihrey’s Sicjillana 'oasmlaris (Plate XXV. fig. 8) we 
nd the vascular part of the medullary axis retreating towards its periphery, but with an 
Lndefined inner margin. In Dyploxylon there is reason to believe that it had become 
Itogether peripheral, and had a sharply defined inner boundary line, though this latter 
act cannot be absolutely afidrmed until a specimen is found with the whole of the 
nedullary tissues preserved. In the same two plants we find a corresponding advance 
n the thickness of the radiating woody cylinder and in the development of the medullary 
ays. The other genera allied to Lepidodendron exhibit structures of the same type. In 


tracture of the entire bark, as well as some other important points in their history. Immediately surrounding 
he medullary vascular cylinder is a layer of delicate parenchyma, the cells of which average about *1GG in 
liameter j these cells arc arranged in columns which proceed obliquely upwards and outwards, diverging from 
he porpendioular at an angle of about 35°. Tho entire thickness of this innermost paronehyma is about the 
sighth of an inch (*125). Externally to it is tho ordinary coarser parenchymatous layer, invested in its turn by 
he prosenchymatous one, which again is enclosed in what I have recently designated tho subopidcnnnl paren- 
ihyma. Thus wo hero see distinctly exhibited tho form layers of bark of which 1 have spoken in other parts of 
his memoir. The ordinary foliar vascular bundles, given oft’ in groat numbers from Iho outer surface of tho 
nedullary vascular cyHndor, ascend upwards and outwards at tho same angle as tho colls just reforred to (35°), 
mtil they reach tho exterior boundary of the Innermost parenchyma, when they suddenly bond outwards in a 
lorizontal direction, describing a slight curve as they do so, tbc concavity of which is directed upwards. 
Hach vascular bundle is invested with a delicate cellular sheath, which is a prolongation of the innermost 
larcnchyina of tho bark. 

lint in addition to those hundlos, I have now oljtaincd tlio larger onus:, which proceed to tho tubercles charac- 
nristic of ifccloii in, and which are \'cry differcjifc from the ordinary foliar ones. In the first place, tho former are 
•ery much larger, consisting of many more vessels than is the case with tho latter ; th(.‘y av(j nccorapaniod in 
heir outw.-u’d course by a yet thickfT iuvostmejat of the cells of tlie inner baik-layiu’. Uul' tho most remarkable 
liftbrenco is seen at thoir point of departure from the vascular medullary ej'lindc:' : : : !v n-.i i-.iL-n 'y derived, 

ilvO the foliar bundles, from tho exteriur of tlmt cylinder, huL lha aiiii-e mnnis of K'l: <v .•••■■c iff.'-..: immedi- 

Ltely hcloiu flic biiucUe, are ah^orheri into it. The consc(pjonco is that directly above iho Imndlo iluu’o is a slit 
u the medullary cylinder unprovided with vessels, and where the parenchyma of Ihopitli and Lbat of the innor- 
aost bark blond thoir eoUs into a coutiunous tissue. This slit ascends for some little distance np tho stem, but 
ho vessels on each side of it gradually converge and ultimately close it up. I’heso peculiarities in the origin 
f the vasouliir bundle in (luestiou appear to mo to be of groat physiological iinportaiico ; they can only bo 
indorstood when compared with conditions councoted witli the braucJiiug of Lcipidodondroid plants that I havo 
[escribed in the tliird niomoir of tliis series read to the Itoyal Society on tho 7tli of ilarcli last. I there slnwcd 
hat, prior to dividing into two branches, the vascular cylinder spht into two halves, bi-ingirig tho cells of tho 
tith and of tho bark into direct contact. It is evident to me that the arrangements in the Jlnlomu just d(,‘sei'iliefl 
xe of tho same nature, only instead of half tho enliro cj-liuder being split oti‘,but a small povLion of it is so sepa- 
ated. I infer, therefore, that the vascular bnndlo, thus originated, proceeded to some modilication of a Inniich 
—but which modification was of smaller dimensions than branohes usually attained to, and which, consequently, 
■eqnired a less abundant supply of vascular tissue than ordinary branches needed. Buoh a modificatioji would, 
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Tllodendron the innermost surface of the vascular ligneous cylinder is presemt, though 
very small compared with the large medullary one, approximating very closely, in, this 
respect, to the Lepidodendron represented in Plate XXVI. fig. IJl, Platen XXV. fig. 14. 
Not having a transverse section of the central axis of Fcmdarla (Plate XXVIII. fig. 31), 
I cannot be certain about its details ; but we have in the longitudinal section evidence 
of a vascular mass, though whether it be medullary or ligiuious I am not able; to affirm ; 
but Beongniart’s Sifjillaria clegans, which is a true Fmulan’fi, deruonstrah's the close 
resemblance which its central axis bears to that of a JHploiVfjlon, "Wherever we are 
able to trace the origin of tlic vascular bundles going to the leaves, in iHploxylou^ we 


I imagine, only bo found in n strobiluH, 'wliicli must bo rogtirdod uh a brauc.li that htiH uudergono an anvHtcd 
development at a very early atago of ita growtli. 

Guided by those now observations, I have i*eexn.nnii,(Hl the enrioua sjiednuni found by ibo late ]\Tr. .1 ’a*mks 
'W’ l.Lm? and referred to on p. 222. This is a scmidceorticHitud briuieh of an ordinary .Lq)‘nlo(lm<li'on, Iniving a 
diameter, as it appears in its stony matrix, of about 2j inches. This stiau divides into two smaller bratiidies, 
one of which is also that of an ordinary the other displays the same Lejndotlondroid b'ulures 

on its upper half, hut what consfcitutod its tiudorsido, when a growing plant, exhihits rows ttf the e.ha- 
raotoristic tubercles of Ilahnia. AVo lioro learn two Ihings : — First, that Jfaloma hi'lowjn to (hr vpiivr hmuchcft 
of a Lepidodendroid tree, conH(Uiucntly it cannot bo a root. This may bo rogard(?d ns liniilly sot, tied. simu^ 
truth is demonstmtod by Mr, WnTtrAKna’s Hpeeiine-ns: in these tlio largo vnse.nliir buiullo going to oiieh 
tubercle bends upwards and outwards in the same way as the foliar bnndbsH will) wliieh it in(onuitigU*H. This 
fact alone would bo a conclrisivo one against the root hypol,h(!sis. H(!(!ondly, wo learn (hat J/nlonia is a sjio- 
ciolizcd branch of a L<!pi.dod<mdroid troo that is not i(s<}lf an Iliihmia ; and ns I bavo ulnwly given re.a.soiis f«i|.* 
holioviiig that each tiiborclo sustained an abortive branch, it appears to me that wo urtj shut ti]) to Hit! tiuiudusum 
that those arrested developments could only exist in the Ibrm of strobili. 

I think there can bo little doubt that the iimorniost cortical layer, prolongationB of wluth invest all the 
vascular bundles proceeding from the medullary vascular sheath to the periphery, must: bo rogard(.Hl as tho 
homologuo of what Sacics, following UAanui and Lnminu, has termed the proeambian layer in living bytmpods, 
and which, as wo shall soo, reappears in tSlhpnaria, 

The important truth demonstrated by tho specimen in tho Manclioster Mnsouin, and one with which all the 
other specimens that I have mentioned appear to liarmoniKo, is, that the projeetiiig tuborfjhw ni Uaknia mui 
ITlodcmlmi wore confinod to the inner pro,sonchyma of tho luu’k, of •wliieh (hoy wm-e conical extensions 
sm-roundiiig and accompanying a jilrro-vasciilnv buinlle on its way ontwanlM to the snvrai-o, but Ibat ibey did not 
jip])C!ir in any marked form, if at all, save a,s a scar, on (lie oxdcvior of i.lm jdant. No such (.nlicrcidar jinnoVioii. 
was made "for the veiy nujuoroiiM l(!iif-lnnidl('s, and wo Inivo abomnling pCDols lloil. Ilii' InhcrcJcs bad iiolliing 
to do with the ordinary bra uclie.s of the jilant. t(: appifaj’s l<i mo dial, rndhing roinain/: wflli ■wliicli wo can 
associate them but s(,robi]i, and wilh ilu'se 1 bc.Jiov<' llioni to havi' been C(imioc.(.cd. Mvery new fact llmt wo 
discover a])pcars to me bo bring the two genera I/b/amVt and U I ode ml yon into iioiiror relalion.'^bi]) IhiHi basbillierto 
been recognized, I have very liidc doubt that tho .//cf/w/a; woro young branebns Kustninlng rows of cones: 
after the cones fell oh', they would leave jiernKinent cicahicuhe imjire.ssed u])(>n IJie hark, and which would 
enlarge as the stems increased in magnitude, ilio lattcir process being jirobaldy aceoiuiianiod l/y llio develop] non t 
of an exogenous zone around tho modulhuy cylinder. Specimens of these old and malnrcd IVuiiing stcnis 
may exist .'iniong what we have h.i(,h(?rto termed Vlodnidya. I’his c.vjdJination would givens the rea'.on why wo 
never find cones or other appcii dagos oC a nnignUnde cerrespouding witli tho cicatricnila of Ifhth'iitfyoii, Tl»o 
chief argument against the idea tliat. the cicatncnlio of IJlodcntlyon. may he tliiwi; of Ifalonlm ('iihirgofl by ago 
and growth, lies in the fact that the Icaf-seovs of Ulotlcndron do not appear to have uudovgnne any cori'csjionding 
enlargomcnt. — April 15, lt>72. 
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inmricMy find that they proceed from the inner surface of the outer or ligneous cylinder, 
and not from the larger vessels of the medullary one, and it is in the same radiating 
cylinder that we find the medullary rays*. I have already stated my reasons for insisting 
upon the recognition of the medullary character of these rays, and pointed out the 
necessity for considering their primary origin in the nascent structure, prior to any 
material differentiation occurring in its tissues, if we are to arrive at a philosophical 
opinion respecting their nature. All these circumstances combined lead me to the con- 
clusion that in the radiating vascular cylinder we have the representative of the woody 
zone of exogenous plants. This zone is at its minimum of development in such Lepi- 
dodendra as Plate XXIV. fig. 1 & Plate XXVI. fig. 13, wdiilst it attains to a maximum 
in some of the Diploxylons, the former bearing some such relation to the latter as the 
half-developed woody zone of a Cycad does to that of a hard-wooded Pinus ox Araucaria, 
This opinion receives further support from the unmistakably exogenous growth of this 
zone. The radiating arrangement- of its vessels is suggestive of the conclusion ; but we 
can further see, in many of the stems, clear evidences of interruptions to growth suc- 
ceeded by periods of renewed vital activity. If this reasoning is sound and the conclusion 
arrived at correct, the latter gives us an unmistakable clue to the remaining tissues. The 
thick parenchymatous and prosenchymatous structure investing the woody zone is clearly 
a bark, although not, it is true, divisible into the three layers of epiphlamin, mesophlexmm, 
and endophlceum ; but in the enormous development of elongated prosenchymatous fibres 


or bast-tissues in the inner layer of the epidermis, we have a manifest foreshadowing of 
that prevalence of the same tissue in the bark of living Exogens. M. Huong N iAiiT has 
already called attention to the close resemblance which the thick cylinder of medullary 
vessels found in his fragment of Sigillaria clcgans boro to the ordinary medullary sheath 
of an Exogen, and I cannot resist the conclusion that these are homologous structures. 
It appears to me that these specimens of fossil Cryptogams explain the development of 
the exogenous medullary sheath, through the gradual separation of the vessels from the 
parenchymatous elements of the pith, until they constitute a distinct ring ; the light 
thus throxvm upon their origin further explaiuiug why tlio ring of spiral vessels never 


recurs in the newer woody layers as they ought to do, if, as has been generally supposed, 
they belong to the inner part of the first formed ligneous zone, rathc'r than to the pith 
whicli that zone incloses. It appears to me that tliis reasoning is justified by the facts 
upon wliich it is based. The principal weak point in it lies in the. circumstiuicxj tlmt in 
Exogens the spiral vessels supplied to the ribs of the leaves are derived from, the medul- 

* M. EBoxGKm-L-, in Ms various writings, clistinguishcs the Lcpidodcnrlrd from tho Sigillaricc hy tlic supposed 
al3sonoe from tho former of tlio radiating woody cylinder ; but his knowledge of tho structure of the lopidodondra 
was limited to tlio one spociraon of Lc^gidodmdron now become historieaUy fainona under tho naTno of L. liar- 
mirtiL Tlio scries of spccinious which .1 have described demonalrate.s a gradual transition from tho one typo 
to tho oUior, with which rho rrimch savant was necessarily unacciiuiiutcrl He concluded that tho vasoiilar 
cjdmdcr of L. Hanourtii solely represented tlio vascukr eyUudcr oi Jyf^phxylon, wliicb ia certainly not 
the case. M. Broit&niaiit had not seen the thin outer ring of small barred vessels occuning in pliin1.s of tbo 
typo of Z. Marcourtii as seen in my Plate XXY. fig. 14. 
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lary sheatli, whilst in tlicsc fossil Cryptogams tljcy are given off from, the inoic i'xt<a’ual 
woody cylinder"'’^; but this difference may be explained by tluj fact tliat in tlie (briiier 
plants the spirals of the medullary sheath are altogether different from tlu'. uou-spirid 
ones in the woody zones, whilst in tlie latter the two classes of vess<'is 1iav(^ tlm sjuik', 
structure, and differ only in size. TIcnco in the Cryptogams the one si't ma.y h(^ sub- 
stituted for the other, which could not bo done in the ordinary hkogens. 

My supposition respecting the relations subsisting between tlu.i inner vascular ring of 
Lepidodendron and the medullary sheath of Exogens rec<'ive.s fresh .sni)p()rt from tlie 
structure of SfJgmana. In the latter jdant, now well known to be a Sigillaroid root, 
we find no inner or medullary cylinder of vessels, '.riie ligneous zone rcati'ives a, won- 
derful development ; it is furnished with an abundance of rnednllary inys, and, gives 
off numerous vascular bundles which are supplied to the e])i(lennal roothda that hen^ 
occupy the place of leaves. Wo have here a paralhd state of Ihings to that siaai in ( h«^ 
roots of Exngeiis, in which in like manner the iiKHlnllary sheath is wanting’. 'I'lris 
curious coincidence has not escaped the observant eye of hi. IhioNONiAUT, who calls 
attention to it in his memoir on dvtjnm^. 

My specimens throw no direct light upon the structure of the vascular a.ml medullary 
axis of the true Sigillaria'. as distinguislied from tln^ Ihiviihirian typ{* ; hut the cortical 
portions of all the plants, including the true Sigillarim, (^xhihit what is pi'uciically aii 
identity of structure. Iir all wo liave a reran, rkahly thick spongy hark, rianluding’ us iu 
many of its features of that found in the living Oycads. 'J'his coiiHisted (‘ither of pitnai- 
chyma, proscnchynia, or of both cumhiued, enclosed ('xterually iu a ha,;4t-hiy<‘r of elon- 
gated prosenchymatons tubes, which iu turn is invested by a layer of c<‘llular paren- 
chyma supporting the bases of loaves, the latter invariably coiisistiug of the sjuiu' form 
of parenchyma as the cpiderm. M. HaoJttSNiAiiT’s specimen of IH'Kjilhtdii [Pttiuilarhi) 
elegms exhibits a central axis, the structure of which is nearly idcujtical with' that id* my 
Plate XXyill. figs. 33, 34, This, in its turn, only differs from the mori.! o,rdiiiary foniis 
of DvploiKylon^ in the crenulated outline which separat(\s the ligiitious zone friuti th<J 
cylinder of medu]lu.ry ve.s.sels, giving to tlie i'xtcrior of the latter aflutuil aspeel; likiitliat 
of a Cala;mite, but witliout the transvevsti nodal constrictions of the latter gcjms, ’'jlm 
Diploxylous again, as I hove aliwiady .shown, shade off into tin; ordinary forifLs of tAphlu- 
d&iidron, and arc undoubtedly T.epldoilendroid plants win cJi havi^ lost the ci-niral por- 
tions of their raedul]a.i-y axes. IJemove the cellulm* tksm^s fVojn lh.(! ci;alj’(i of Ihe plant 
which I have represented in figs. S & 0, and we have, at oucc, tint close.st; resmnblauce i.t> 
Witham's Anabathra and Gouda’s JHploxijlon^ as rvtdl as to those rauv' timliM' considiT- 
ation. That WiTHAAfs plant is identical, in type, rvitli mine, is furtlior indicated by his 
tab. 8. fig. 12, where he exhibits one of tlic large com] lound medullary ray.s slunvn :iu my 
Plate XXYll. fig. 23, The celluhiv tissuo.s have not been praserved iu the metlullavy ruys 
of Bko-ngniart’s Sigillaria elegans; but tab. 4. fig. 2 oflii.s memoir show,^ that hi.s ])huit 

* The reverse proves to ho tho case, houce this ohjociion dUapi>eiiv8. fice on 

t Loc. Cl/. T), 433. 
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possessed similar ones to those which Witi-iam and I have figured. Further, the descrip- 
tion w'hich M. Brongniabt has given of the structure of the outer hark and epidenn of 
his plant, these being the only cortical elements remaining in his specimen, would apply 
with little or no alteration to several of my Lepidodendroid and Sigillarian types ; so that 
whilst a really indisputable Sigillaria, like my Plate XXIX. fig. 39, but in which the 
woody axis is preserved in situ^ is still an important desideratum, I have very little doubt 
that, when discovered, it will be found to correspond with one of the several varieties of 
Diiplowglon. Most probably also my Plate XXV. fig. 8, representing one of the extreme 
of the two types figured by Mr. Binfey under the name of Sigillaria vasmlans^ will also 
be found to belong to the same subtype of the same genus. Yet my indefatigable friend 
informs me that his cabinet contains specimens in which the most gradual transition can 
be traced from the plant just referred to to Leggidodendronselaginoides^ the oppositely 
divergent form of the same group ; hence his inclusion of both under one common 
name. 


Of the form recently described by Dr. Dawson* I know nothing, having seen nothing 
like it amongst our Lancashire Coal-measures. Pie describes a coniferous type of glan- 
dular prosenchyma as occurring in the woody axis of his Sigillaria. I have not seen a 
single fibre of this kmd in any of our Sigillarian or Lepidodendroid forms, neither have 
I met with any trace of a Sternbergian pith such as he describes in the same plant, 
which evidently belong to a different typo from those of our English Coal-measures, 
assuming it to be what Dr. Dawson supposes, viz. a true Sigillaria. 

If, then, I am correct in thus bringing the Lepidodendra and Sigillarite into such close 
affinity, there is an end of M. Beongniart’s theory, that the latter were Gynmospermous 
Exogens, because the Cryptogamic character of the former is disputed by no one ; we 
must rather conclude, as I have done, that the entire series represents, along with the 
Calamites, an exogenous group of Cryptogams in which the woody zone separated a 
medullary from a cortical portion. The Cryptogamic type of structure remains in the 
universal, if not even exclusive, prevalence of barred vessels, a modification of that 
scalariform type so characteristic of living Cryptogams. Tlio medulla in some cases fails 
to attain to the simple jiareiichyimitous condition coninioii amongst Exogons ; nor does the 
bark, as alread)- observed, exhihit the division into opii)hloeiim, mesophlmum, and endo- 
phlceum. But neither can these divisions be traced in tlie Cycads, with which, in some 
respects, the carboniferous stems exhibit remarkable affinities. 


The semivascular bast-layer of the epiderm of these Lepidodendroid and Sigilhiroid 
plants has played an important part in their jmeservation ; it has arrested the decay 
which appeal’s to have usually commenced in the inner bajk, simultaneously perhaps 
with that of the cells of the inodLilla, though the latter not unfrequently remain after 
the former have disappeared. Prom the not unfreqiicnt occurrence of the vascular 
woody cylinders deprived of bark, I suspect that they have not been so often involved 


* “On the Structure and Affinities of Sii/iU/iAct, CitlamUes, and Oulariiodendyon, by .T, AV. T)a\vson, 
P.R.S., &c., Principal of il-Gill University,-’ Quarter]}- Joinnal of the Gcoloisical Society, London, Hay lS7i. 
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in the decay that has overtaken the cellular structures as that they Iiavo become loosened 
from their attachments by that decay, and floated out when water reached tlujin. lie 
this as it may, it is the bast-layer, with its iiiYcstiuent of tliick-wulled epidermal c(dls, 
which has furnished, in nearly every case, the carbonaceous film tluit covers the stems of 
the Lepido dendroid plants so abundant in the shales and sandstones of tlie t-V)al-mea- 
sures. The differences so obvious between the aspect of the outer surface of tlie thin 
film of coal and that of the subjacent shale are too well known to re(j[uir(^ furtlier 
reference. When the carbonaceous matter is d<itached, the .specimens are spedeen of as 
being decorticated] and there maybe no objection to the retention of a convemic^nt Un-ni 
provided we distinctly understand the sense in which it is uscmL In all such instances 
the entire woody and inner cortical structures e(p.ULlly disap] )car{‘d. The part whicli 
remained was, as I have already pointed out, the epidermal lay(a’, with tb(‘ scuuihhrous 
portion of the prosenchymatous one, wliich 1 have invariably found iji tiveny Hpc'chnen 
that I have examined in which tlie structure is preserved. This hust-layio,* <!\idcntly gave 
to the bark the faculty of resisting the decay which so efFectually ch'ared out jilltln^ more 
central tissues. It was this double layer which constituted the cylinder, the, two sidiis 
of which were brought together and flattened by supi'.riluposcd pvessurt' when tlu' st ems 
were prostrated, and which constituted the hollo'w mould into which mini and sand were 
poured when they remained erect. We thus learn that very large irc.uss were ilatteued 
into a thin layer, not because their stems were succulent, but becaiist^ tlu'se hard wmaly 
and cellular cortical tissues broke! up or were floatiid out of tin'll* ('pi dermal ,slu!ath; 
whilst the latter, though strong and tough, was Huilicicntly IhixibUi to yield to tin! supi!!*- 
incumbent pressure, often without any material degri'o of disturbance of Us iut(!grity 
through fractures. Hence the fine flat masses of tiUjillarm and. Jjcpidodcrdroth not 
unfrequently met with under the conditions which I have described. 

It is a remarkable circumstance that whilst the woody zone is tin,! part that has so 
frequently disappeared amongst the larger specimens of Lopidodendroid plants, and 
especially amongst the Sigillarise, it is the part which is the most freipiently preserved in 
the Stigmarian roots of the lattm* plant. I presume that tills fact is to l>o exjdained by 
the diffcrtsit circumst!uic(!.s suiTonudiug the two structures. The stems ovorlJu'owii by 
storms were equally exposed to tlu! decomposing influoncos of a warm humid .’il.mospln'j'i', 
whether they were prostrat(.!d on tin! ground or stood up as ilet;apil;u.(!(l sl.iim|)s. Such 
atmospheric influences would speedily destroy all hut the tough snjxn'iicial lay<'i-s. '.nu*. 
roots, on the other hand, imbedded deeply in wot mud, ’woold be pn'servcid frcmi all 
atmospheric action; hence the beautiful preservation of thoir vascular tissues: (.lies(j 
are often compressed and displaced, hut rarely destroyed. The cellular limk, on the 
other hand, with the exception of the epidermal layej', and also tlio medullary cell.s, 
have yielded much more frequently to the decomposing iiiflnoiicos tliat surrounded Ihcin 
even though protected by the soil. 

What we know of the origin of the leaf-scars in living jdants ba.s left room. Ibr 
hesitation respecting their nature in the fossils under consideration; but some, of the 

MDCCCLXXII. 2 II 
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observations which I have recorded place the matter beyond doubt. Such examples as 
figs. 15, 17, 18, & 19, taken in connexion with figs. 6 & G, make plain what are the por- 
tions of the stem which furnish the appearances so commonly found in fossil examples. 
The only question that is doubtful refers to the way in which the bases of the petioles 
of the fallen fronds have become detached. They evidently withered into membranous 
laminae, as in some living Cycads and many tree-ferns ; but whether they became de- 
tached bodily, leaving a well-defined cicatrix marking their base, as in ordinary deciduous 
trees, or whether the shrivelled stump of the petiole was worn down gradually by atmo- 
spheric decay, as in Unce^lialartos caffre and other allied Cycads, is not easy to say. I am 
inclined to conclude that the latter was the true process ; but in either ctise a surface was 
reached, corresponding with the outer surface of the epiderm, at which a well-defined 
cicatrix of parenchymatous cells, of small size and with thickened walls, arrested fiu'ther 
decomposition. Our knowledge of the relations of fruits to stems is too vague to enable 
us, as yet, to arrive at any definite conclusions respecting those of Ilalonia ; but if the 
scars which I have referred to in IRodendron and JIalmia really supported cones, they were 
planted upon the subepidermal surface of the outer bark, and, like the leaves and rootlets, 
only received a vascular bundle to supply them with nutriment. What I mean is, that 
there appears to have been no deflection to these scars of any large portion of the vascular 
axis, which would have been the case had these curious organs given origin to biuiichcs. 

It appears to me that, connecting the preceding observations with those mad(^ in my 
previous memoir on Calamites, we are called upon to make some change in tlic gene- 
rally accepted views respecting the classification and nomenclature of the living vascular 
Cryptogams. 


To apply the term Acrocfens to plants which grew up into magnificent forest trees, 
the structure and growth of whose stems was essentially exogenous, whilst those stc'iiis 
exhibited so many of the internal features of exogenous organization, is surely an error. 
Until the close affinities of the Tjopidodi'endiu Avith tlie Sigillarim was established by 
actiud observation, I do not wonder that M. IhiONGXiAUT insisted upon his belief that 
the latter were Gymnospermous Exogens. I do not see how this Gymnospormous theory 
can be entertained any longer; but to make the lacts upon ■whicli it was based accord 
with onr systems we must alter the latter. 


In the discussion which followed the reading of my memoir oji Calaiuitos before the 
Eoyal Society in Januarj' 1871, Dr. Caepextek threw out a suggestion \vhicb accords 
with my own conclusions on the question. One great distinction bet'weeu the Exogens 
and Eudogeus is to be found in the fact that, when a formation of vessels is made in the 
woody zone of the former type, the clusters of vessels arc left uniiicloscd, and conse- 
quently capable of receiving any amount of addition to their number wi1;hout inter- 


ference with the continuity of the series. On the other hand, tlic oj)po 3 iic is tlie case 
with the Endogens. Here each cluster of vessels is incased in a dense cylinder of woody 
prosenchyma, which latter always interferes to interrupt all continuous additions to the 
former tissues. If we turn to the Cryptogams, especially as illuminated by the study of 
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the fossil forms, we find that the stems of the Calamitcs, the approximate represen- 
tatives of the Equisetaceec, and those of the Lepidodendra witli their extreme Sigillarian 
modifications, are of the exogenous type, whilst those of ferns arc, in the points referred 
to, as obviously endogenous. The respective affinities of these ])lauts, so far as the stems 
are concerned, may be represented by some such diagram as the following. 



It will be observed that in this memoir I have paid hut litthj attentitm to g('neri(i 
distinctions and none to specific ones, because I am satisfied tliai; "wo arc^ not yed: in a 
position to define cither the one or the other. My objeset has botm to asiun'tiiin, us far 
as I could, what arc the principal typos of structure, and wliat tlw^ rmiges of their vari- 
ation; but, on the latter point especially, very much rcsmains to be donc^ which <!an. only 
be accomplished by the cooperation of multiplied ohscuvors, and especially of such as are 
investigating distinct localities where new varieties may bo expccied to obtain. Hy sucdi 
observations alone can our mutual errors and oversights bo corrcct(;d. Where exaniplcjs 
of plants in which structure is preserved arc rare, wo are in dangm- of dm.-wing gencu-al 
conclusions from indmdual varieties which, .hnppcm to ho shoip'ly de/int.'d ; lu^nec it in 
most important that inde.poudcmt ohservovs rsliould not be deterred from again going 
over die ground by an idea tliat it is preocciqnod or that the wovfi is doiu;. '.rh(‘ |)r(;- 
serit contribution, however, cfircfully (^xc^cuted as far as it goes, is but lhaf; of a iiioncur 
in a very unde and almost une.v.plor<?d fieJd. 

It only remains for me to acknowledge tbo assistance which 1. lia.vo Toccived eiLlu'V in 
the loan of sections or, what has heem of even greater value to me, of H])ochn(.'ns for dissec- 
tion. The gentlcmi'ii. to whom I have been t)ms indebted are W. Hoyn Dawkia'S, Esep, 
E.R.S., of Manchester, Mi’. .T. illuTTjjawoRrir, of Shaw, and Mr. 'Wn (rr.'V.ia'Jii and Mr. NjI'JLij, 
of Oldham, '.fhe scientific liberality of my two last-nam('d auxiliaiies demands s|)(icial 
notice. They have not only given me the freest access to their cabinets, but have allowed 
me to cut into fragments some of the choicest specimens which they contained, when 
the interests of scientific truth seemed to dijmand the sacrifice. Such a spirit is too rare 
not to merit the thanks of all investigators whenever it is mot ^vith. 

2 F 2 
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Description op the Plates. 

The same letters are employed throughout to represent, as far as possible, what 
appear to be homologous paits, in accoidance with the following plan : — 

a. Medullaiy axis. L Outer orprosenchymatous part of thebark. 

5. Cells of medullary axis. Tubular portion of i. 

c. Vessels of medullary axis. h Bases of leaves or petioles, detached or 

d Ligneous zone. coalesced into an epidermal layei*. 

e. Vessels of ligneous zone. m>* Bundles of vessels going to the leaves. 

/. Medullaiy rays. n. Bundles of ^ cssels going to the rootlets. 

g. Innermost part of the baik. o, Eootlets. 

Ji. Middle parenchymatous part of the Indentations of epiderm in which root- 
bark. lets are planted, 

r. Scars or cicatrices from which cones aie supposed to ha%c fallen. 

Wheie not otherwise specifically mentioned, the specimens represented are in the 
author’s cabinet. The collcctois from whom some of the fossils were received are 
named, but the sections, in these examples, aie also in the author’s cabinet. 

Plate 

XXTV. fig. 1. Lejgidodmdron selaginoideSf a young branch, tian&vorse section, magnified 
6 diameters. Mi. Btttterworth’s cabinet, 
fig. 2. Lepidodendmb sela(jhiokles, longitudinal section of fig. 1, magnified 4 
diameters. Mr. Butterwortii’s cabinet. 

fig, 3. Lejgidodmdron selaginoides, pait of medullary centre of fig. 1, magni- 
fied 200 diameters. 

,, fig. 4. Lepidodendron selaginoides, part of medullary centre of fig. 2, magnified 
70 diameters,* 

5 , fig. 5. Lepidodendrm mlaginoideSi tangential section of outer bark immediately 
below'the epiderm, magnified 7 diameters. Mr. Btttterwoeth’S cabinet. 

,, fig. 6. L^idodendfon selaginoides^ tangential section of outer layer of epiderm 
at th^ base qi the petioles, magnified 7 diameters. Mr, Butterworth’s cabinet. 
XXV * fig. Z^dodmdrm sdaginoides, subepidermal surface of outer baih, nat. size, 

n ^an^ei’se section of central axis, woody zone, and part of the inner bark 

of one form of the ^Ularia 'ommtaris of Mr. Binney’s memoir, magnified 
10 diameters. Mr. Bettbrworth’s cabinet. 

\ p) %• Longiti^dinal section of fig. 8, magnified 10 diameters* *#Cr. 
worthV cabinet. . 

10, Tangential section of the woody zope pf t&e same type ae fig. 8* showing 
IM fc medullary rays. ^ if ^ ^ 

fig.. 1- • ProsencJiyma of th-eha^ oi l(t magnified 400 ^ ^ * 

hg. 12. '^^idodendron, ira|isv^e scctid%, m 

cabinet. 
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Plale 

XXVni. fig’, 34. Dii)h.\ylon^ segment t»f a traiibvtTbc sociioii of fig. 33, xuagiiiEed 15 
diamct(TS, 

XXIX. fig. 35. tSigillaria, traub verse section of tlie epidermal layer of th<’ bark, mag- 
nified 4 diameters. 

„ fig. 30. Sir/illaria, one rib of fig. 35, enlarged 13 diamedors. 

XXVIIT. fig. 37. Sigillaria, radial section made along tbo centre of one of the raised 

longitudinal ribs of fig. 35, magnified 4 diaiiu‘t{‘r.s. 

„ fig. 38. Bigillarla, portion of fig. 37, enlarged 12 diamciers. 

XXIX. fig. 30. hTigUlaria, part of tbc surface of the spocinu^n. Mr. Nn«Li>. 

„ fig. 40. Bigillarhi transverse section of tbc epidermal luyt‘r of lig. 3i), naitirul 
size. 


XXX, fig. 41. JSiglUaria, a segment of fig. 40, enlarged 15 diameters. 

XXIX. fig. 42. Bigilkma^ vertical section tlirougb tlie centre' of a part of one rib of 
fig, 30, showing the vascular bundle going to the base of ilxo xxctiok', mag- 
nified 15 diameters. 

XXX. fig, 43. Sligmarian root, radial section of the innermost part of tlie woody 
zone, with a medullary ray and vascular bundle going of towards a roothjt, 
magnified 1 3 diameters, Mr. WiJimKMii. 

XXIX. fig. 44. Htigmarian root, radial section like fig. 43, but of the ontermosl jiart 
of the ligneous zone, with medullary ray and va&cuki* bundle, magnificHl 
10 diann'tc'rs. 

„ fig. 4 5, tStigmarian root, tangential section of pui’t of tho ligneous zone, with one 
primary and numerous B{‘Condary medullary rays, magnified 13 diamc'tors. 

„ fig. 4G. Stigmarian root, part of fig. 45, with secondary medullary rays, mag- 
nified 50 diameters. 

XXX. fig. 47, Stigmarian root, transverse section of tho innermost pait of tlm woody 

zone, with a medullary ray and vascular bundle going to a rootlet, magnified 
15 diameters. 

„ fig, 4 8. Stigmarian root, outer sxxrfaco of the ligneous zone, with the peripheral 
cxti’cmxti('s of the primary medullary rays and vascular bundles of the 
rootlets, magnified 4 diameters. Mr. WmmKER*s cabinet, 

„ fig. 49. Stigmarian root, radial section of tho innermost bark, magnified 120 
diameters. * 

XXXI. fig* 50. Stigmarian root, tangential section of the mid^e bark, magnified 100 

diameters. 

XXX. fig. 51. Stigmarkn root, bases of three rootlets, with the epidermal layer upon 

, which they are implanted, magnified 3 diameters, . : 

' XXXI* %* 52. Stigmarian root, base of on© motlet,mag]aiJ.ed 6 dkmetsfflsf, < 

\ I ' i %* 53, Stigmarian root, diagram ropresenting a restoratimi of the mthd / 

, -with the surkces of the pi% wood, and batk successively dtsplayef fhi " 
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Plate 

XXVI. fig. 13. Lejpidodendroni segment of fig. 12, magnified 8 diameters. 

XXY. fig. 14. Lepidodendrony vertical section of the centre of the same plant as 
fig. 12. Mr. W. B. Daweins. 

XXYI. fig. 15. Lepidodendron, snbepidermal surface of the bark of the same species 
as fig. 12. Mr. Btjtterwobth’s cabinet. 

XXV. fig. 16. Lepidodendron, vertical section of epidermal layer and petioles of 

leaves, 2-i diameters. Mr. W. B. Dawkins’s cabinet. 

XXVI. fig. 17. Lepidodendron, tangential section through outermost layer of epi- 
dermis, magnified 3 diameters. Mr. Dawkins. 

„ fig. 18. Lepidodendron, tangential section of the same specimen as fig. 17, 
but nearer the extremities of the intersected leaves, magnified 3 diameters. 

„ fig. 19. Lepidodendron^ oblique transverse section of fig. 17, magnified 3 dia- 
meters. 

„ fig. 20. Lepidodendron^ vertical section of another specimen similar to figs. 
16-19, magnified 4 diameters. Mr. Whittaker. 

XXVIII. fig. 21. Diploxylon^ transverse section, nat. size. Mr. Butterworth. 

XXVI. fig. 22. Diploostjlon^ vertical section of fig. 21, magnified 6 diameters. 

XXVII. fig. 23. Diphayloiif tangential section of some of the vessels of the ligneous 

zone and medullaiy rays of fig. 21. 

„ fig. 2B a. Eadial section of fig. 21 at the inner surface of the ligneous zone'. 

„ fig. 23 1. Badial section through the ligneous zone of Mploocylon stigma- 

rioideum. 

XXVI. fig. 24. TJlodmdron^ transverse section, magnified 2 diameters. Mr. Nieed. 

XXVII, fig. 25. TJlodendron, longitudinal section of the central axis of fig. 24, magni- 
fied 12 diameters. 

„ fig. 26. Ulodendmi, central axis of fig. 24, magnified 12 diameters. 

XXVIII. fig. 27. Ulodendron, longitudinal section of outer bark, epidermis, and petioles 

of fig. 25, magnified 3 diameters. 

„ fig. 28. Ulodendron^ tangential section of bases of petioles close to the epi- 
derm, magnified 6 diameters. 

XXVII. fig. 29. Famdaria^ longitudinal section, magnified 6 diameters. Mr, Whit- 
taker. 

XXVIII. fig. 30. Favnlaria, transverse section of the bases of two petioles of fig. 29, 
magnified 6 diameters. 

„ fig. 31. Famlaria^ portion of fig. 29, showing the medulla, woody zone, and 
a trace of the inner bai'k, magnified 30 diameters. 

„ fig. 32. Famlaria, portion of the epidermis of fig. 29, showing the outer 
parenchyma and the bast-layer, enlarged. 

,, fig, 33. Fiploxylon^ aspect of the specimen before it was cut up into sections, 
- nat. size. Mr. Nield. 
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contrc and to the left of the diagram, and witli a section of the wood and 
hark, the latter with the rootlets hi situ, on the right. The latter K<'ction 
is supposed to have passed directly througli the centres of the bases of two 
of the rootlets, and tangentially through the roinainiiig Ihrco. 

XXXI. fig. 64. Transverse sciction of a fragment of hark, u.pi)areiitly of Dlphsvt/Ion, 
inagnili(Kl IG diameters. Mr. Btj'ri’KJtwouTir. 
fig. 65. Eadial section of the prosenchymatous portion of a similar sjx’cirnen 
to fig. 54, magnified G5 diameters. 

•fig. 5G. Tangential s(^ction of fig. 55, nuiguified G5 diameters, 
fig. 57. Tangential section of the large cells(/')of fig.r)4, inagniliedOOdiameters. 
fig. 58. Oast of the external surface of a Jkmuhfm, with (.■i<!atri(;es of cones, 
enlarged 2 diameters. Mr. Ninm/s cabinet, 
fig. 50. Central axis of a small Lepidodendvoid coiu', enlarged 2 dianudea’s. 
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lUiCoivod 1871^ 

kSUPPJjUMKNTAUY O nSKllVATJONS. 

Since reading the preceding memoir I have been scciking furtlKM* infinanaf ion on soiih' 
portions of the subject which arc as yet very ohsenre, ospecisdly in connexion natli the 
forms represented by the D^ilossilon qjcaieohlcum of Co:rt)A. In his ‘ li’lora (((.t A^orweif: ’ 
he gm^s both the generic and specific characters of this plant. 'Hie (nssentlal features 
of the former ai:e that the plants belonging to the genus hav() an imwr cylinder sur- 
rounding the medulla compos(id of lai’gc scalariform vessels arriingtal without dc‘fiuit<i 
order. This is invested by a second cylinder, also consisting of scalariform vcfssels, but 
of smaller si/.(^, arranged in radiating fasciculi, and f adits msomm litjni intmii iwr- 

In his specific description of I), otjcadeouleum ho affirms " Iladil nuxlullaris 
nulli” {loo. oit. pj). 5, G). In his tab. xi. fig. 1 ho represents a radial longitiidhial 
section, in. wliieh thnx'. sharply defined vascxxlar bundles, nn a ccon)|i;mic'd by any other 
tiss\io, proceed upwa..r(!s and outwards across a field of vertical, barred vos.s(!ls,w Inch. tirr'. 
disposed with rigid straightness and perfect parulh.'lism. I think I shall ,iiot he Vioi- 
turing too far if I doubt the perfect accuracy of this iigur(\ Th.it what is of c.hiiT im- 
portance at present is the fact that lu^ beliivves those vascular bundles to sitrhttj fftna. li.h 
imier or nmhdlari/ rhitjs of ressats, and not from any part of tlui outei; or ligneous zom*, 
and tbnt lie discovers oto fracr.a of cellular mednllartj rtajs in his specimen. 

M;. B.^^0^■0^l■|:A■UT, as we have scon, found a vm-y similar gtaicral arvangoment in his 
SigilUuia clagcms, only in tliis plant th6 hmer or medullary vasc-nlar cylindm* was inter- 
rupted, at intervals, .msi;<'ad of being a continuous ring. lie also found a profusion of 
what he unhesitatingly affirm.s to he medullary rays ; but the tissui^s which composed 
them being destroyed, ho cannot speak uith confuhmce as to their histological cluiracter. 
Besides these he foimd truces of larger opimings hi the woody cyliniha- ; and lie correctly 
surmises that these wore passages through which the large foliar vascular bundles, scon 
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penetrating tire bark, bad emerged from the ligneous zone. He expresses himself very 
doubtfully as to the source of these bundles ; but observing what he deems to be indica- 
tions of them in the transverse section of the outer ligneous cylinder, cloiiG to the inner 
one, he thinks they may possibly have originated in the latter. 

The third writer whose observations bear upon the question is Professor King, whose 
able and lucid paper* contains an admirable account of all that was known of these 
plants at the time when his memoir was published. In it he discusses the structure of 
the Anabatlira of Witham, having had in his possession a number of that distinguished 
observer’s original specimens. In this plant, as I have already mentioned in the pre- 
ceding memoh’, we have the inner medullary cylinder and the outer ligneous zone of 
vessels arranged as in Brongniart’s Sigillaria and in Dvplooaylon ; only, as in the latter- 
plant, it constituted a continuous instead of an interrupted ring. Professor King calls 
attention to the large lenticular openings, seen in the tangential sections of the woody 
zone of Anabathra, figured and described by Witham as medullary rays. He says 
respecting them, “ Mr. Witham described these openings as containing the medullary 
rays, which is not the case, because what has probably been mistaken for cellular tissue 
is, in reality, a bundle of small vessels, similar to those which occupy the outer part of 
the medullary sheath. Although the longitudinal sections do not exhibit any of theses 
bundles springing from the vascular cylinder, their proximity in some transverse sections, 
together with the fact just stated, leave no room to doubt their having constituted the 
leaf-cords of the plant.” This writer further adds, from those passages being in part 
vacant, it may reasonably be supposed that the cords were accompanii,‘d in their course 
with a portion of cellular tissue”'!’. 

It thus appears that all thi-ee of the above writers inclined to the idea that the foliar- 
vascular bundles arise from the vessels of the vascular medullary sheaths of the plants 
which they severally describe. In the previous pages I pointed out that , whilst in some 
Diploxylons the line of demarcation between the medullary sheath and the ligneous 


zone was a crciiulated one, in others it appeared to bo straight. Having recently pre- 
pared and examined a large number of additional sections, I find that even in some of 
.the examples in which I thought the lino -was a stiuiglit one I can detect a series of 
■sniall crenulations. This I have especially found to be (;hf; ce-e Avilli the 
represented ill figs. 20-23. In this plant the crenulations veseinble riiorie <;com in iig. 3 I, 
though much more minute. The latter figure shows at d wJiat a])ii(jar to be angular 
projections of the medullary sheath penetrating between the large cun\ ex, inner extre- 
mities of the fasciculi of the woody zone. I norv find that in the plant in question those 
projecting angles are not wholly occupied by medullary veml% but contain a remarkable 
arrangement of barred cells, lig. 23 a represents a small portion of a radial longi- 
tudinal section of this part of the plant, in w'hich c represents the outermost vessels of 
the medullary sheath, c the vessels of the woody zone, and the cells 5 the structure 


* “ Contributione towards establishing the generic characters of the fossil plants of the genus BujilUvia, 
by WmiAM EiKa, Esq.,” Edinburgh New Philosophical Journal, Nos. 71 et seci. 
t Log. cit. p. 124. 
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referred to. It will bo observed that some of these (iclls arc^ nearly cubical in sliapo, 
others more elongated; some have square ends, others oblique ones; but it is importauT. 
to notice that towards the exterior of this cellular mass {V) the cells exhibit a strong 
tendency to become proscnchymatous. All these cells, whore miiKU'ahzatiou lias not 
altered their structure, arc more or less regularly barred. Whert^ the conv(^x iimer 
extremity of each fasciculus of the woody zone encroaches upon the medullary slieath, 
this cellular layer almost disappears, though not altogether so. TIkj large lonticidar 
radii to whicli^ allusion lias *bcen made talce their rise in this celhUar tissue. M.y Hi>eci- 
mens show that the longer axis of each ccU becomes suddenly dellected in the horizontal 
direction. Iliat such is the case is shown, not only by their general aspcKit, but by tlu‘- 
reversal of the direction of their transverse bars, whicli arc now vortical, and not bori- 
zontal as before. Many of tlu^se deflected cells are x>crfc<.ttly muriform, but otlun-s are 
more or less prosonebymatous. In tbe immediate neighbourhood of the cellular tract 
there is a considerable disturbance of the parallelism of the small contiguous harrtnl 
vessids, so that the origin of such of the latter as (sontribute to the formation of th(‘ 
foliar bundle is not easily traced; hut, however originated, some of them acoom])any the 
dcflfjcted cells to cjonstituto that hnndlo. In no case do any of the inner and larger 
vessels of the medullary slieath take any part in the formation of these bundles; end my 
pr(^Slnlt impression is that all tlioso which do so should rather be regarded as bidonging 
to the iuiKumost part of the woody zone than to the exhuior of the medullary cyHudt'r^. 

t 

Whichever is tlio fact, I am convinced that these vessels arc the Qxaat equivaliiuts of 
those fuj’nisliing the fbliar bundles in the true Lepidodendra. I'lnsse hundhjs wert! 
needed, in the very earliest stage of the growth of the young shoot, to sustain tluj deve- 
loping leaves ; and though at this stage of its developmimt the woody zone was obviously 
represented in a very feeble maimer, it noverthcleas fulfilled its functions in contributing 
its quota to the foliar nutrition. Hut there remains to ho explained the supposed ahsema^ 
of true medullary rays mentioned by Cobba as characterizing his Dliploxylon^ but whitih 
were observed by BiiONaNiAiir in his SlgUlaria elegans. None of these writers were 
aware of the existence of barred or scalariform cells in tbe mcdullm of these plants. 
Consequently when Oobba found barred tissues running horizontally, not only in tlu*. 
Itxrge lenticular spaces separating the ligneous fasciculi, but also in the smaller ones 
separating individual lamineo, he concluded that all those were necessarily linudhis of 
barred mssels, and in consequence denied the existence of medullary rays. )Since, how- 
ever, all the medullary cells of many of these I^epidodendroid plants (sec figs. !I. 8c o) are 
barred, it follows that sonic of those in other portions of the ligneous zone would, iu 
all probability, be the same ; and such proves to be the case. In the example which 1. 
am now describing it is diflicult in some places to say which arc sections of fu.sif<;rtri 
cells, and whicli of parts of contorted vcssids; hut in a large number of specimens 

* biitor I'discifirclu:-'! (unonft'.st Uni .llnrivtislimn phiiits liavo oimblod mo to oloftr up Hith vnry olwcurc pojjit, juid 
to (lotorinino tlKit tlio in (picution ( 1 «) InOonf; fo ijic m.krmsl mrfuc^ of tli.e nuiclullary cyliiulin’. Suo 

ProcoodingH of lloyal Society, voi. xs.. p, 1.5)0. — ^May 7lh, ISTii. 

M.')CCCIiXXIJ, 2 1 
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there is no difficulty in establishing the conjoint existence of the two tissues; hence I 
venture to affirm that, in Diploxylon cycadeoidevMi we have two distinct forms oi 
medullary rays : 1st, the larger lenticular ones, which are primarily composed of barred 
cells, but through which the vascular bundles escape to the surface of the woody zone ; 
and 2nd, of smaller ones, in which similarly barred cells are chiefly, though not invari- 
ably, arranged in tangential sections in single vertical rows, often not containing more 
than two or three cells in each vertical series, but which constitute true medullary rays. 
In the preceding memoir I have designated the large lenticular spaces ji'^vniafy me- 
dullary rays, to distinguish them from the smaller or secondary ones. Those botanists 
who, like Mr. Careuthers, wholly repudiate the existence of any parallelism between 
these fossil Cryptogams and the more highly developed Phanerogamic Exogens, con- 
sistently deny that any of these cellular horizontal communications between the interior 
and exterior of the woody zone are representatives of or entitled to be called medullary 
rays ; but Beoitgeiaet, than whom it would be difficult to quote a higher authority, so 
designated both the larger and the smaller ones in Stigmaria ficoides^ as well as illus- 
trated them by what are found in Zamia integrifolia and other Oycads (“ Observations sur 
le Sigillana elegans'% and I am convinced that he is right in so doing. It is as impossible 
to separate these Oryptogamic forms of medullary rays from those of the Oycadem on 


the one hand, as it is to disjoin the latter from those of the higher Conifera on the other. 


Professor Kinu quotes the late Dr. Lutdley’s opinion that no vascular bundles over issued 


through medullary rays. This may be true in the case of Phanerogamic 'Exogons, but 
it does not follow that it must be equally true of these Oryptogamic modifications of the 
exogenous type of woody zone. One thing is clear, viz. that the largo lenticular spaces 
(my jrnrmry medullary rays) are but modifications of the smaller or secondary ones, 
enlarged to serve a special teleological purpose ; i. e. the transmission of vasetdar hwndles 
to the Leaves and rootlets. At their upper and lower extremities these large elliptical 
cellular rays are uiidistiiiguishablc from and merge in the smaller ones. However large 
and thick in their central portion, they diminish in size upwards and downwards, both 
in the Diploxylons and in Stigmaria, until they contract into laminoc consisting of a 
single thin vertical layer of cells. Such teleological modifications are universal a-mongst 
animals; and I fail to see why we should refuse to recognize their existence amongst 
plants. At all events until some better reasons for doing so are furnished by those who 
difler from me than they have hitherto advanced, I shall continue to follow the example 
of M. Beongniart, and employ the terms adopted in the preceding pages. 

Having thus obtained additional light respecting the Diploxylons, I again turned to 
the more highly organized of the stems described by Mr. Binxey undcu the name of 
Siglllaria vascularis, and which I have already represented in Plate XXV. figs. 8-lJ.. 
I made a fresh series of carefully prepared dissections, and succeeded in demonstrating 
the existence in this plant of a series of primary and secondary medullary rays, the 
former containing large foliar bundles, precisely identical -with those of Dqdoysdon cyca- 
deoideum, I have not succeeded in discovering in the former plant the cellular layer 
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intervening between tbe medullary vascular cyliiidtu' and thcj woody zoin^ of the latter 
one. Tlie large primary medullary rays arc composc^d of barred (;(!lls, which !ir(! Home- 
times mural, but more frequently prosencliymatous ; through th(3 up])cr part of each 
of these large rays there proceeds a bundle of true barred v(^ssels. I have not succeech'd 
in tracing one of these bundles to its medullary extremity, couHcupunitly I (sannot yc'.t aflirm 
how it originates ; but I have seen sufficient to confirm wbat 1 luiv(i aliH'ady statinl in tbe 
body of the memoir, that we need only remove the ccmtral cellular medulla of tlu^ plant 
in question to convert it into a true Diplowtjhn; the identity of the two, so far as stvac- 
tural type is concerned, is as close as it can bo, oven in its minuter details. Huch b(uug 
my conviction, I propose to designate the plant r(q)resent(!d in figs. 8 - tl Diploivijloii 
vasGidare^ and to apply Ooeda’s name of J). qjoadimdeum to figs. 21-28. 8810 plant nqme- 

sentod by figs. 33, 34-, distinguished by its large medullary axis and by the (l(5(‘ply lluted 
aspect of the interior surface of its ligneous zone, I propose to (U^siguate 
cylindricum, whilst a fourth form, exhibiting some different features yef; to notic(sl, 1 
would term I), siigmarioideum. So far as the general structure of the stem is (Knuunauxl 
the last-named plant does not differ from the other Dlploxylons, I'ho ('.(dlular medulla, 
has disappeared, hut there remains the medullary ring of barred vesseds, sui:rouud<‘.d by 
the exogemouH ligneous zone. The primary and secondary medullary rays also a])|)ear; 
but neither of them occurs so abundantly as in the other species. Mtu’cover, iti tlu? radial 
vertical sections, tbe vascular bundles occupying the primary rays (jxlribit a <liirer(‘ut 
aspect to those of tbe other species described, and approach nt^arer to what (JXiHtH in titiy- 
maria Jicoidan, This is represented in fig. 23 h. The vaHCuhir bundle (m) aj>])(,‘arH to 
be derived from the body of the ligneous zone and not from its medtillary Hurface. It 
is composed of smaller vessels than those seen at e; but we find that at d the-so V(.!HS(ds 
diminish in size and approach in magnitude those of the bundle m ; not only ho, but 
whilst the upper extremities of the small vessels of m exhibit the porpondiculai* arrange- 
ment indicating that they belong to the part of the woody zone in which they occiu*, 
the lower extremities of the large vessels (e) are deflected in the direction of those of the 
foliar bundle, which is never the ca.se with the corresponding ones of the other forms of 
Diploxybrns, The lower margin of the foliar bundle is cut off in this scetjoa hy mi 
ol)li(pic, .sharply (hvrmt^d liu(‘. ; this indicates that the largo vessels at d' have been Hlmrply 
delloc.tod to tbo right and left oJ‘ the bundle to allow the latter to pass bcil.wofm llumi. 
All the.se appoavauccs corro.spond so (ilo.sc'ly with what we find in Stiymmia, that for a 
long time this plant seriously per pi cjxcd me; but it appears to be a inw. Dijdmjflo-n^ 
since it has the vascular jucdulhiry cylinder of tliat g(mus as well defued as in any other 
species. This cylinder is l'le^'e^ found in St-igniaria Jiaoidcs. It luis been more e.spe- 
cially in connexion with this species oi Diploxylou, tliough not exclusivity, that T liave 
found the peculiar hark re])reseiite(l in figs. 54-57. It is possible that tins phiiit may, 
like Siigmaria, prove to be the up])ermost i)art of a root of some of tlu5 other forms, 
though I have never yet found it associated with any rootlets; or it may he a fjiigment 
from the base where stem and roots united. 



240 


ON THE EOSSIL PLANTS OE THE OOAL-MEASTJEE8. 


Amongst the numerous other interesting plants for which I am indebted to G. Grievk, 
Esq., of Burntisland, in Eifeshire, is a well-mai’ked Bi^iloccylon closely allied to J). cyca- 
deoideim. Like the rest of Mr. Geievi’s specimens, it is from the deposit of lower carbo-j 
niferous age which occurs imbedded amongst trappean rocks at Petty cur Bay. Phis 
specimen is an instructive one, since, though abundantly furnished with primary and 
secondary medullary rays, or rather with the spaces which they occupied, all the celkdar 
tissues have disappeared from both, whilst the mscidar foliar bundles are well preserved. 
We are thus enabled to distinguish the respective areas occupied by the two tissues 
in a manner that I have not succeeded in doing so distinctly in the other specimens 
described. Each bundle is cylindrical, occupying the centre of the lenticular section of 
the ray when cut at right angles to its direction, and consisting of very small barred 
vessels. Above and below the vessels are open spaces, but which were originally 
occupied by the cellular tissues of the ray, the forms of the cells being strongly im- 
pressed upon the indented walls of the contiguous longitudinal vessels of the ligneous 
zone. I have not discovered in this plant the cellular layer intervening between the 
medullary vascular cylinder and the woody zone ; in this respect it appears to approach 
nearer to the JD. msciilare than to the other forms. The vascular medullary cylinder or 
sheath is strongly marked ; but all the medullary cellular tissues have disappeared. I 
pointed out some time ago^ that some of these Lepidodendra exhibited a fcatmn not 
previously noticed ; viz. the vessels were not only barred transversely, but, in additioti, 
the transverse bars of lignine were connected by a delicate series of threads of the same 
material, running parallel with the longer axis of the vessel. I find this feature in all 
the Diploxylons ; hut in the Burntisland specimen it is so faint that it can only be dis- 
covered under the microscope by a careful adjustment of the light. The coarser trans- 
verse bars arc also much more irregular in size, number, and direction than is usual 
amongst the Diploxylons of the Upper Coal-measures. 

The Dipioxylon of Coeua is so obviously identical, gcnencally, with the Amdathra 
of WiTiiAM, that the latter name ought to be adopted in preference to the former on(\ 
But ere long, in all probability, both these names will have to bo abandoned, shicf^ 
there appears to be little doubt that they represent the woody axes of some of the com- 
mon Lepidodendroid plants of the Coal-measurcS ; and as soon as the identification of 
these internal axes with their correlate external forms is indisputably accomplifshed, the 
yet older names of the latter must become the adopted ones. Under these circumstances 
it is scai'cely desirable to disturb a widely accepted nomenclature, since any day may 
furnish tire requii*ed connecting linlc. 

The general conclusion towards which all these additional observations point is the 
same as that of the preceding memoir, wliich they strengthen and confirm, viz. that all 
these varied plants are constructed upon a common type, and belong to one Lycopo- 
diaceous family, 

* Monthly Microscopical Journal, August 1, 1809, pi, xx. %. 10, 

Owens CQUege, Manchester^ August 30, 1871, 
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exceeding the existing ones in size. Bg Bjvfcsso)' Owns, F.Ii.B, cCr. 

lloceived March 25, — Ui.'iiJ April I,n, .1572. 


In a former communication*' I applied the cranial, mandibular, and (bnital characters oC 
the existing specieis of Wombat to the determinatiou of the fossil species rc’scnnhling 
them in size; in the present are given the results of an easier ta.sk, viz. the deh'rmi- 
nation of extinct AVomhats of markedly superior sizc^ to any now living ; and 1 shall 
describe the fossils as the; species tlniy represent progn^ssivxJy predominate! in Indk. 

§ 1. Phascolomgs medln,% Ow. — ^^.L'his .spccaes is reprtisenh^d by a lower jaw, fra<!tured 
at both ends, presented by Sir C'jrAiihns NionoLSON, Bart., to the (leologittal So(!it!ty of 
London; also by the fV)ro part of the upper jaw of two individuals a,nd by tlu‘ right 
ramus, fractured at both ends, of the lower jaw, obtained by hlnwAiii) S. Jlinn, Bsep, from 
freshwater deposits exposed in the bed of a tributary of th(! Coudamine Jliver, ai. Btoii 
Vale, Queensland: the latter wcjre siibmlthid to 3ne iriLSiir), and hav(! been Jib(‘rn.lly 
pi’os(5nted, with other (bieensland fossils, to the British Museum bytSir .Daniki/ (!ooim*:u, 
Bart. All these fossils are in the usual heavy, petri'(i(}(l, rolled, and mort! or lcs.s mutilated, 
condition of such remains from the above fonriation and locality. 

The first to he (U'seribed (lMa.le .X.X XII. iig.s.‘J--7) consists of so much of tlie punnaxillary 
(as) and maxillary (ai) hones as in eludes, the sock(!tH of the incisors (y!) and of the first three 
molars {d a, d 4, m i, fig. 2), with part of that of the fourth, vi a. ''.n.u! incisors a.i‘(,! hrokiin 
off at the level of their alveolar outlets (fig. C, i) ; the first and se(!Oiid molars, hd't side, 
show their natural grinding-surface ; part of that of the following tooth, is broken ; tin* 
rest of the molars are more or less mutilated or wanting. 

The superiority in size of the present e.xtinct species to tlie two larg(!st of the 
existing Wombats will ho seen by comjiaring the above-cited figures, eH])ecin.l]y fig, 2, 
Plate XXXII., with the corresponding parts of the skull of Phmcohmgs kitifmm (ib. 
fig, 1) and oiPhasGolomys ylatyrhinus (Plato XXXIII. fig. 1) ; it needs not to introduce 
the smaller Tasmanian Wombat into the comparison. 

The following admeasurements give the degree, or value, of the character from the 
size of teeth and extent of diastema of the species above cited; — 

P. medius. 1\ 'jdutyrJiinus. P, hUifmiH, 


Antcro-postorior extent of grinding-surfaces of] 

da, dif mi • j 

Antero-posterior extent of diastema (I to i) . , 

' * PMbyopliical Transactiou‘ 1 , 1872, j). 173, 

2 K 


iiKjlicfi. lines, inch, liivjs. 

10 12 

1 


7 


inch. JiuoH, 

1 0 

1 0 
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Ill the relative length of the interval between the socket of the incisor (Plate XXXIT. 
fig. 2, ?*) and that of the anterior molar {d 3), the present fossil resembles the latifront 
species (ib. fig. 1, 1 , 22s i). The same relationship is shown in the form of the intermolar 
part of the bony palate, which is less contracted anteriorly in the fossil than in the 
bare-nosed Wombats (^Phascolomys jplciti/Thinus, Plate XXXIII. fig. 1*). The entire 
bony palate is more concave transversely in the hairy-nosed Wombat than in the oth(’r 
recent kinds ; and this character is more strongly marked in the fossil, especially in the 
depth of the diastemal palatal tract into which open the “incisive” or prcmaxillo- 
maxiilary palatal foramina (Plate XXXII. fig. 2, a). This deeply arched form of the 

bony roof of the month will be again noted in larger extinct species of W ombat. 

The present appears to have been one half larger than the largest individuals of 
JPhasGoloimjs platyrhimis. In a specimen of this existing species, the length of the 
diastema equals three fifteenths of that of the entire skull, which is 7 inches 5 linos 
(Plate XXXTTT . fig. 1 , 21', 22'). If the diastema bore the same proportion in Flmooloniya 
mediibs, the length of its skull may be set down at 1 foot 6 inches. 

The first molar (Plate XXXII. fig. 2, d 3 ), with the usual curvature, concave outward, 
and with the exposed part inclined obliquely backward, has a grinding-surface, or trans- 
verse section, of an oval form, with the small end forwards. The long diameter is 
5 lines, and is in the direction of the molar series ; the greatest transverse diameter is 
4 lines. The enamel does not extend from the inner surface so far outward upon 
either the front or back parts of the tooth as in tlie recent Wombats ; it shows no 
trace of the antero-internal fold which is feebly marked in Fliascolomy,^ latijrons, and 
strongly marked in Phascolomys platyrhinun and Phase, wiiibatm. The coat of cement 
covering the outer side of the tooth is continued in a thinner layer over part of th<} 
enamel, and where absent has been probably accidentally removed from that partial 
deposit of the hardest dental tissue. 


The scjcond molar (ib. d 4) is divided by the usual deep inner groove and shallow 
outer one into two lobes, the hinder one being broader both* transversely and from 
before backward. Tlie antcro-postcrior extent of the grindiiig-surfiico is 7-J lines, the 


transverse extent of the front lobe is 4 lines, of tlic hind lobe lines; the inner end of 
this lobe is less obtusely rounded than that of tlui front lobe. Prom the unequal depth 
of tlie outer and inner alveolar walls, only a small part (about aline) of the unouamelled 
outer ])art of tlic tooth projects from tlio sockcit, Avhile an extent of four lines of the 
inner enfimollcd part of the tooth projects beyond the lower inner alveolar wall (Plato 
XXXII. fig. 7, d 4 ). The cnamel-coat is thinner at the bottom of tlic inner itifiectiou or 


groove, and terminates near the rounded external angles of tlie tooth: portions of the 
thin cement covering the enamel are preserved. 

The third molar (ib. fig. 2, 1 ) resembles d-i in size and sha])o; the anterior lobe 

does not e.\tend so far inward as the contiguous lobe of the untccedont molar. Th(‘ 
portion of the anterior lobe preserved of the fourth molar (i/t, 2 ) shows the same relati\ e 


* See also Trans. Zool. Soo. vol, ii. plate l.\:,\i. llg. G {P/iuHco-omiis vQidb(iUi.i<), 
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position to the hind lohe of m u Tlio cnanacl in all the inolars is longitudinally striate, 
the strice being feebly marked and subriigosc. 

Completing the upper molar series according to the analogy of Phmaoloinys Itdifrona^ 
its antero-posterior extent would be about 2 inches 8 lines; and this is tlu? (‘xtent shown 
in a photograph (Plato XXXV. fig. 7), nat. size, of a j)ortiou of the upper jaAV of 'Vhas- 
colomyn meilins, witli tlic cntij'c molar sori(^s of tlio right side.', from the Inu'cicia-cave of 
Wellington Valley, Now Soutli Wales, in the Australian Museum, Sydiu'y, for which 1 
am indebted to the Trustees of tliat hluseum and their able Chrratov, Mi’. Kiikiot. 

The margin of the diasfccmal part of tlio upjier jaw (JNate XXXli. fig. 2, /) is sharp 
to near th(^ incisive outlets (/), wlu're it broadens and becoines obtuse', '.riie cross sec.tioii 
of the incisor (ib. fig- 0) is a transverse oval, (J lines in long dianu'tm', 4^ Fuk's in short 
diamoti'r; the small end of the oval is obtuse. a,nd turiu'd outward. 'J.'be enamel beads 
from above a A'cry short way down upon the inner sidi^ or largo end of tbe oval ; it ar(4ies 
down over the small end. The enamelled siirlaec of the tooth is niorii couvi'x than 
the hind or lower cement-clad surface; but this is more convi'X, or less {latteiied, than in 
.VhaHColomyH latifroua. The long and short duuneters of the transver.se section ol’ tlu^ 
incisor in the otlicr two living spi'cii^s are in opposite directions to those in the ju’e.sent 
fo.ssil and the Jiatifront V^’ornhat. 

In Iduimdomf/fi medim the malar proci'ss of the maxillary (Plate XXXir, fig, 1), ac') 
rises thirteen lines above the alveolus of the third molar: tbe iiiterveniug wall of tin* 
maxillary is moderately emnavc verticidly ; in tbe smaller living AVombat:H it is convex; 
bi.it in the character of height of origin of tln.^ ])roc-(is,s ive again have an. e\'idenc.(‘ of 
afliiiity to the latifront species. The ])hot()gra])h (Plato XXXV. fig. 7) shows ji. clo.st' 
corrc.spondcnce with thc lb.ssil in flii.s cliaractcr. 

The prezygomatic ridge (Plato XXX.ll, fig. 8, rii) is low ainl broad, but in course and 
length resembles that in ‘Phmcolomys htifronH ; in IdmHO.'jdatyrlimuH thi.s ridge is shorter, 
relatively thicker, and more prominent. Anterior to the ridgi; and the sockiit of d a the 
maxillary part of the skull of Idmc. meilim contracts tran.sversely, st'cmingly mon^ 
suddenly than in existing AV omhats, to form the. diastcmal part of the uppc'r jaw. The 
maxillo-premaxiilary suturo runs vertically, with a sinuous and strongly denti<.!ulute 
course, about 6 line,s in advance of the sockest of d «. The front walls of the iiuasive 
sockets (Plato XXXIT. figs. 3, 4, <Sc 6, ga, as) arc relatively higluM- or dei'pcr thim in /V/^esv 
coloniyn hdifrann^ ia which they arc relatively higher than in llu'. bnre-iKjsed A\'oniba(.s. 
The cimtour of this part of the pri'niaxillary is rather concave in the fossil. 

The photograph above n'leired to , (Plate XXXV. fig. 7) of the cave fossil slimv-s tlie 
same depth and .shaiic of the bony luilato, and the same someivliat abrupt cojiti’uctioii 
of the diastcmal part of the maxillary, as in tJie fo.^.-'il (IMate, .XXXII. fig. 2) from 
Eton Vale. 

These evidences of sju'cificdlstinction, superadded to thcmarki^d supc)‘i.ori(;y of sizi^ (T 
Jdhaacoloni.y:^ riwdit’.^. arc acce])table ; altliongh the degri'O of constancy of size and shajK^ 
of teetli in tlio three rsi»ecics of living AVombats would have jiiiitific.'d an inference, from 



244 


PHOFESSOR OWEN ON THE FOSSIL MAMMALS OF AITSTEALTA. 


the teeth alone of the present fossil, that a still larger Wombat than the platyrhinc 
continental species had formerly existed in both Queensland and New South Wales. 

As so much, however, depends on ascertained constancy of characters in the compa- 
rative work preliminary to determination of extinct species, I believe it will bo acceptable 
to palseontologists to have a description and figures of a iossil of Phascolomys medius 
somewhat larger than the subject of Plate XXXII. figs. 2-7. 

The fore-and-aft extent of the first three molars in fig. 2, Plate XXXIII., is 1 inch 11 
lines; in fig. 2, Plate XXXII., the same dimension yields 1 inch 8 lines. The closer 
agreement, as to size, in all other parts of the two fossils leads mo to regard the above 
dental difference as coming -within the limits of age- or sex-variation. The present fossil 
has been more crushed than the former ; the socket of d a may have been pressed forward 
a little way from that of d 4 , and so have contributed somewhat to the above difference. 
It is singular how the post mortem or posthumous violence has operated so as to detach 
almost the same parts and proportion of the fore part of the skull from the remainder 
in both representatives of PJiasGolomys medius. Some transversely acting force has 
nipped in the maxillaries in advance of the sockets of d 3 , breaking the diastemal from 
the alveolar part of the left maxillary and crushing it inwards ; this, in the present 
fossil, has somewhat approximated the right and left anterior molars {d a, d .i), and has 
converted the concavity of the palate at the hind part of the diastema into an angular 
cleft. But the fore part expands and conforms in character with that in tins last- 
described fossil, The length of the diastema and the characters of its borders tiro the 
same. The differences mentioned are obviously accidental, llathcr more of the ante- 
rior pier of the zygomatic arch is preserved on the left side of the present fossil (Plato 
XXXIII. fig. 3, 3i«). 


The first molar {d s) and the incisors have the same shape as in Plate XXXII. 
Nearly the whole of the implanted part of the left incisor (i) is exposed in the subject 
of fig. 3, Plate XXXIII. The incisors slightly converge as they curve downward and 
forward to the outlets of their long sockets. Tlic enamel shows the same longitudinal 
rugous striation as in the other fossil. lu both the median ridge is shown along so much 
of the floor of the nasal passages as is exposed (ib. fig. 4, n). In fig. 0 is given un inside 


view of so much as is preserved of the molars of the loft side, upper jaw, corresponding 
with that from the preceding fossil given at fig. 7, Plate XXXII. 


Witii the two foregoing fossils I received from Queensland, through the same liberal 


and enliglitened contributors of materials for the history of Australian njarsupial fossils, 
the portion of mandible, with the entire molar scries, figured in Plate XXXIV. figs. 1 & 2. 

I'his fossil, from the size of the teeth and of the jn,w supporting them, I refer to the 
same species as the upper jaw (Plates XXXII. & XXXIII.). It includes an extent of 
5 inches of the right ramus, wanting both extremities, hut with a synipliysial portion of 
the left ramus (Plate XXXIV. fig. 2, adherent by matrix, though slightly displaced, 

showing that tlie joint (6*) liad not been obliterated. 


The general curve of the lower 


contour resembles that of the mandible of 


Phascolomys 
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latifronH (riiilosophical Transactions, 1872, Platte xa'H. fig. 8). Tlio anterior part of the 
origin of the coronoid (Plate XXXIV. fig. 1, </) hears tlio sani(3 relation to tlio penulti- 
raatc molar, and is inoixi advanced than in l*Jumoloni//s Tln^ (.udalvcolar 

groove (ib. fig. 3, u) between this process and th(^ last two alveoli is redativdy narrower 
than in any of the living species. The fore part of the ectoerotaidiyto doprcission (f), 
bounded below by the prominent outstanding ridge (4', 4, fig. I), is less dciep tliau in the 
barc-uosed Wombats, and is more gradually ('xcavated, as in tin; hairy-nosed sptxfies. 

The ramus maintains its d(^])th (1 inch 10 lines) to the socket of‘ the first molar (Plate 
XXXIV. d figs. 1 & 2). The hind part of the symphysis (ib. fig. 3, .s) is on tlu^ wrticul 
parallel of tli (5 hind part of the second molar (d i), btdng ratlu'r more advanced than in 
Fhaacolomys Ini'tfron^ (Pliilosophical Transactions, 1872, IMate x.\i. fig. 3, ,s), and mmh 
more so tlian in Idiasa. jihttijrMnn (ib. fig. 2, ,s‘) fombatHS (ib. fig. 1, s). Th(‘ 

upper surfaced of the symphysis (Plato XXXI' V. fig. /) rei)(xits tlui character of the 
oppo.s(;d palatal part of the u])per ja.w (PlahnXXXJ.L & XXXITL mvA'.') in its d(‘gr<'<! of 
trausveu’se concavity; and this, at the diastemal tract, is hounded by lahnul ridges, 
sharper than those above ; tlu^y indicate a slightly curvcxl e.ourso as tlu'y advance, e.ou- 
cavc outward, so far as tlmy (‘Xhnul in the fossil. These eliaracters of ilui iip[)(M.* surfu.ct‘. 
of the sympliysis are most nearly repeated \)^ FlKUcoloinys Krcfff H (Pliilosophical 'Pnins- 
actions, 1872, Plato xx. fig, 2, /, s) amongst the smaller Wombats; but in that (‘xtiuct 
species the sympliysis extends back as far as it does in '.Vhm(\ ]dMi/yhmm or 
voinbatim (Philosophical Trjuisactioiis, 1872, Plate xix. figs. 1 & 2). In Vh(m\ Ifdljhnts 
the symphysis is shorter, more eoncavo and more ddinihdy houmled above than in tlie 
barc-nosed Wombats, bnt is not so mucli so as in Jdinsrolomp KnijjW. TIio ,hm‘('r 
contour of the sympliysis in Fhaseolomys modim rises at a less open angle with the axis 
of the ramus than in Fhmu and still le.ss so than in the hare-nosed species. 

The lower surface shows tlio pair of vascular outlets, of small siv.i', 1C) liues in advance 
of the hind border. The anterior outlet of the dental e.anal (I’lati^ XXXIV. fig, 1, v) 
is relatively rather nearer the socket of d n than in the smaller fossil and ri'ceut Wombats. 
The vertical convexity of the onlcr wall of the ramus arid comparative flatm^ss of the 
postsymphysial inner wall ar('. according to the genono type, and relate to th<i direction 
of convexity of the long, bent, deeply implanted, ever-growing molars. 

The first molar (da^ ib.figs. 1, 2, 3) has the usual generic small si/.(^ juid simple foriu, 
representing, as it were, like its homotypo above, one half of the snceecdiug molnrs. 
The giinding-surfaco resembles that of the upper jaw in being suboi'id, ^rith I he long- 
axis lengthwise. In this it difTei-s from Pl/rfscolohi^a latifrom, Id/f/sr. and 

FM$o. Krefftis in wMch that .surface is subriuadj’ato, and it resembles, rather, Fhasco^ 
lomys ])latyTlm%is \ bnt the larger end of the oval is at the fore part of tlie tooth in 
Phase, mediiis^ not at the liiml part, as is usually seen in Phffso, ^dfdyrh.hiHs. 'I’lie 
fore part of d a in Phase, medlus shows a feeble longitudinal groovt^, ns in Phase., lali- 
fi'ons. The eiianiel, as usual, coats the outer and fhro part of the tooth, but is not; 
extended so fur from the fore part upon the inner side as in Phase, latifrons, There 
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seems to be a slight interruption in the course of the enamol at the middle of the fore 
part of the tooth, which I have noticed in some of tlie smaller Wombats. The enamel 
was coated by cement in the fossil. 

The succeeding molars slightly decrease in breadth of grinding-surface from the third 
(m i), the decrease being most marked in the hind lobe of the last molar. This character 
is more marked in Phascolomi/s latifrons than in Phcisc. plati/rhhiiis. The longitudinal 
extent of the series of five teeth in Fhascolonv/s mediios is 2 inches G lines, as against 
2 inches 1 line in Phase, ^platijrlmms, and 1 inch 8 lines in Phase, latifrons. 

The lower incisors, oi Phascolomys medius resemble in relative size those in PhascO'- 
lomys latifrom, in which they are smaller than in the bare-nosed Wombats; but the 
shape of the transverse section in Phase, niedius is different (Plate XXXIV. fig. 4, ’i) ; 
it gives a full ellipse, by lines, with the long axis almost vertical, but obliquely 
inclined from above downward and rather inward. The enamel is thin, and limited to 
the lower half of the long procumbent tooth. They are smaller, especially narrower 
transversely, than the upper pair, and in this respect resemble the lower incisors of the 
hauy-nosed, not the bare-nosed, W ombats. 

Prom the proportions which the extent of the molar series bears to the length of tlio 
entire mandible in existing Wombats, I estimate that the lower jaw in the ])rcseut 
extinct species must have been between 6 and 7 inches in length. 

§ 2. Phascolomys maejnus, Ow.— This species is founded on two portions of the upi>cr 
jaw, one containing the entire molar series of both sides (Plate ,XXXV. figs. 1-4), the 
other retaining the second, third, and fourth molars of the right side. Poth are from tln^ 
freshwater .deposits of Queen.sland. The less fra.gmentary specimen includes rather 
more than an inch of the diastema in advance of the molars, so much of the outer 
wall of both maxillaries as includes the malar process, and a small portion of the 
promaxillarics. 


Ihc extent oj. each molar series is S inches G lines ; they run almost parallel with a 
slight curve convex outward: the least interspace between the right and left series, viz. 
at the fore part of the second molar [d •>), is 1 inch ; the greatest, viz. at the hind part of 
tile last molar (?ji3), is 1 inch G lines; the interspace between the right and left ante- 
rior teeth [d n) is 1 inch 2-1- lines. 

Thus, as m Phaseolorays nmlins^ the dispo-sitiou of the upper molars and general form 
of tlic intervening palate is after the type of the existing hairy-nosccl Wombat ; but 
the coiicfivity, transverse]}-, of the palate is e\'en greater than in PJmcolomy.s medim, 
and becomes still more marked at the diastomal region. 

Xlic malar pi occss oi' uhc niaxillarj laic XXX\ . lig, 2, ar ) ihsc's at the same (deMitioii 
aboic tiie sockoL of the third molar as in PJiascolonvys nu'dius^ showing a vanely among.st 
tlic larger extinct Wombats which has hceir noted in the smaller existinu’ Rpecie.s'j*. 

The prczygomatic ridge (ib. m) resembles, in its curved course, Icngtli, ami iiarrow'- 
ncss, that in Pimeohrays latifrons. The maxillary anterior thei’cLo aciMiiicos and bends 


t ri:il'>sci.]acal p. 179, Jlg.s. 5 & 0. 
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ill with a convexity lengthwise : in the latifront and other living species the hone is 
here concave in the direction o£ the skull’s axis. As the maxillary in PlidHColoiHys 
magmis proceeds to join the premaxillary, the convexity changes to a concavity, in which 
remains of the maxillo-premaxillary suture may be traced. 

The diastemal border (ib. fig. 2, 21 '} rises as it advances from the molar alveoli at a less 
open angle than in Phascolomys medius^ in which, as in the recent species, it extends 
forward nearly on the same parallel with the line of the alveolar outlets. 

A shallow channel marks the inner surface of the commencement of the diastemal 
border (ib. fig. 1, 21 '), its course being from above obliqutdy forward ; thm'e is a Ibcble 
rising of the surface anterior thereto. Tlie palate between the ridges is regularly arclu;d, 
the span being 1 inch 6 lines, the depth or height of tlic arch 1 inch. The extent 
preserved just reaches the place of entry of the prcpalatal or “ incisive” foramina,, showing 
from the nasal cavity the hind Avail of those canals and the increased vertical extent of 


the free inner surface of the premaxillary, making the sudden deepening of this part of 
the palate when vicAved from beloAv in such specimens as hav(> that part (mtire, such as 
the subjects of fig. 2, Plate XXXII., & fig. 2, Plate XXXIII. a, from the smaller extinct 
species, Phasoolomi/s mdius. 

The fractured surface of the preraaxillanes (Plato XXXV. fig. 5) (;xposeK the iiie.isovK 
near the apical end of the long pulp-cavity, about 1 incli 1* lines abovii the diastemal 
ridge : the premaxillary increases in thickness as i t rises to form the alveolus. T1 10 upper 
fractured surface of the present fossil (Plate XXXV. lig. 4) ('xposes part of l,ho fioor of 
the nasal passages, gradually desconding as they retrograde toAvard tin' place of tlin post- 
jialatine apertures. Most of the intcrmolar floor of tliese pussag(!S and roof of the mouth 
has been broken aAvay. 


On each side of the nasal passages appear the holloAv implanted ends of the molar 
teeth. That of d 3 (fig. 4) projects above the prczygomatic ridge, that of d 1 hetwoon 
this and the front pier of the zygoma ( 21 *); and the relative position of the lust 
conforms with the generic type of these singular elongate, oiitAvardly curved, ever- 
growing teeth. 

The total length of the first and smallest, following the curve, is 2 inches 1) lines. 
The long diameter of the oval or subtriaugulai* grindiiig-surfaco is 0 linos ; the breadth 
near the base, which is backward, is 5 line,s. The inner eimnullcd side cxl.eiid.s forwm-d, 
Avith a very slight, outward bend, from the axial lino of the skull to tlie apex, Avhicli is 
narroAV and obtuse, and round this the enamel bends for a short Avuy along th(> oul(.!,r 
side of the tooth; this is tlie longest sith', and curves from beluiid IbrAvard and inward 
to the apex' more strongly than does the iiiner side. I’lio (mamol can be traced IVoni the 


inner side over the greater part of the hind .surfacii of tlie tooth. The coat of cemciiL 


covering the outer side of the tooth cau ho traced over jiarts of the I'lianud, Iho Avhole 
of Avhich it seems originally to have covered. 

The grinding-surface of the second molar (^Z.i) giA'os 0 linos in fort:-aud-a(.l diaim‘(,(.vj-, 
6 lines across theliinder lobe; that of the third molar {m 1 } has the same longitudinal 



240 


PEOPESSOil OWEX ON THE FOSSIL MAPIMALS OF AUSTRALIA. 


seems to be a slight interruption in the course of the enamel at the middle of the fore 
part of the tooth, which I have noticed in some of the smaller Wombats. The enamel 
was coated by cement in the fossil. 

The succeeding molars slightly decrease in breadth of grinding-surface from the third 
{m i), the decrease being most marked in the hind lobe of the last molar. This character 
is more marked in Fhmcolomys latifrons than in Phase. flatyrUnus. The longitudinal 
extent of the series of five teeth in Phascoloinys medms is 2 inches G lines, as against 
2 inches 1 line in Phase, yylatyrliimis, and 1 inch 8 lines in Phase, latifrons. 

The lower incisors, of Phascolomys medius resemble in relative size those in PJiasco- 
lomys latifrons^ in which they are smaller than in the bare-nosed Wombats; but the 
shape of the transverse section in Phase, medius is difierent (Plate XXXIV. fig. 4, i) ; 
it gives a full ellipse, 4^ by 3J lines, with the long axis almost vertical, but obliquely 
inclined from above do'wnward and rather inward. The enamel is thin, and limited to 
the lower half of the long procumbent tooth. They are smaller, especially narrower 
transversely, than the upper pair, and in this respect resemble the lower incisors of the 
hauy-nosed, not the bare-nosed, AVombats. 

Prom the proportions which the extent of the molar series bears to the length of the 
entire mandible in existing AVombats, I estimate that the lower jaw in the present 
extinct species must have been between 6 and 7 inches in length. 

§ 2. Phascolomys mayniis, Ow. — ^This species is founded on two portions of the upper 
jaw, one containing the entire molar series of both sides (Plate XXXAA figs. 1-4), the 
other retaining the second, third, and fourth molars of the right side. Both are from the 
freshwater .deposits of Queensland. The less fragmentary specimen includes rather 
more than an inch of the diastema in advance of the molars, so much of the outer 
wall of both maxillaries as includes the malar process, and a small portion of the 
premaxhlaries. 

The extent of each molar series is 3 inches 6 lines ; they run almost parallel with a 
slight curve convex outward : the least interspace between the right and left series, viz. 
at the fore part of the second molar {d 4), is 1 inch ; the greatest, viz. at the hind part of 
the last molar (m 3), is 1 inch G lines ; the interspace between the right and left ante- 
rior teeth (^? 3) is 1 inch lines. 

Thus, as m Phascolomys nu dius. the disposition of the upper molars and general form 
of the intervening palate is after the type of the existing hairy-nosed AVoinbat; but 
the concarity, transversely, of the palate is even greater than in Phascolomys medius, 
and becomes still more marked at the cliastcmal region. 


The malar process of the maxillary (Plate XXXA^. fig. 2, rises at the same elevation 
above the socket of the third molar as in Phascolomys onedi us, sliowhiga variety amongst 
the larger extinct AA^'ornbats which has been noted in the smaller existing spc'ciesf. 

The prezygomatic ridge (ib. m) resembles, in its curved course, length, and narrow- 
ness, that in Phascolomys latif rons. The maxillary anterior thereto advances and bends 


t riiilosophiciil Transactions, 1872, p. 179, figs. 5 & G. 
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ill with a convexity lengthwise : in the latifront and other living species the bone is 
here concave in the direction of the skull’s axis. As the maxillary in PJiascolomys 
magnus proceeds to join the premaxillary, the convexity changes to a concavity, in which 
remains of the maxillo-premaxillary suture may be traced. 

The diastemal border (ib. fig. 2 , 23') rises as it advances from the molar alveoli at a less 
open angle than in Phascolomys medius^ in which, as in the recent species, it extends 
forward nearly on the same parallel with the line of the alveolar outlets. 

A shallow channel marks the inner surface of the commencement of the diastemal 
border (ib. fig. 1, 21'), its course being from above obliquely forward ; there is a feeble 
rising of the surface anterior thereto. The palate between the ridges is regularly arched, 
the span being 1 inch 6 lines, the depth or height of the arch 1 inch. The extent 
preserved just reaches the place of entry of the prepalatal or “ incisive” foramina, showing 
from the nasal cavity the hind wall of those canals and the increased vertical extent of 
the free inner surface of the premaxillary, making the sudden deepening of this part of 
the palate when viewed from below in such specimens as have that part entire, such as 
the subjects of fig. 2, Plate XXXII., & fig. 2, Plate XXXIII. a, from the smaller extinct 
species, Phciscolomys medms. 

The fractured surface of the premaxillaries (Plate XXXV. fig. 6) exposes the incisors’ 
near the apical end of the long pulp-cavity, about 1 inch 3 lines above the diastemal 
ridge : the premaxillary increases in thiclmess as it rises to form the alveolus. The upper 
fractured surface of the present fossil (Plate XXXY. fig. 4) exposes part of the floor of 
the nasal passages, gradually descending as they retrogTade toward the place of the post- 
palatine apertures. Most of the intermolar fioor of these passages and roof of the mouth 
has been broken away. 

On each side of the nasal passages appear the hollow implanted ends of the molar 
teeth. That of d 3 (fig. 4) projects above the prezygomatic ridge, that of d i between 
this and the firont pier of the zygoma (21'^); and the relative position of the rest 
conforms with the generic type of these singular elongate, outwardly curved, ever- 
growing teeth. 

The total length of the first and smallest, following the curve, is 2 inches 9 lines. 
The long diameter of the oval or subtiiangular grinding-surface is 6 lines ; the breadth 
near the base, which is ba,ckward, is 6 lines. The inner enamelled side extends forward, 
with a very slight outward bend, from the axial line of the skull to the apex, which is 
narrow and obtuse, and round this the enamel bends for a short: way along the outer 
side of the tooth ; this is tiie longest side, and curves jhom behind forward and inward 
to the apex' more strongly than docs the innea* side. The enamel can be traced from the 
inner side over the greater part of the liinrl surface of the tooth. The coat of cement 
covering the outer side of the tooth can be traced over parts of the enamel, the whole 
of which it seems originally to have covered. 

The grinding-surf acc of the second molar {d 4) gives 9 lines in fore-and-aft diameter, 
6 lines across the hinder lobe ; that of the third molar (m 1) has the same longitudinal 
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■with rather less transverse extent ; and the two succeeding teeth diminish, chiefly in 
transverse thickness. The grinding-surface of the last molar (ms) has a fore-and-aft 
extent of 6 J lines, "with a transverse diameter at the hind lobe of but 3 lines. In shape, 
implantation, and structure, showing interruption of the enamel coating at the outer side, 
these upper molars closely adhere to the generic character of Pliascolomys, The exposed 
implanted ends show the widely open persistent pulp-cavities. The section of the base 
of the riffht incisor has a transverse diameter of 6 lines, a vertical one of 5-i lines. The 
upper, which would become the front surface, is transversely convex ; the under surface 
is transversely concave, but irregularly so, from the greater production downward of the 
inner angle. The upper incisor appears, from the present remnant of it, to differ in 
shape as well as size from that of Pliascolomys medius. The inner interspace between 
the pair at the place of fracture (Plate XXXV. fig. 6) is 7 lines ; they no doubt converged 
as they descended to come into contact at their exposed and working ends. 

The above-described fossil is from a full-grown and seemingly old individual. 

I am glad, however, to have another example of the size of teeth which typifies 
Pliascolomys magnus. It is afforded by a fragment of the right maxillary, with 
the second, third, and fourth molars in sltu^ and portions of the sockets of the first 
and fifth.'' 

The antero-posterior extent of the grinding-surfaces of the tliree tooth in place is 
2 inches 4 lines, according in all dimensions and in relative size with those in the sub- 
ject of figs. 1--4, Plate XXXV. The outer surface of the bone shows the same relative 
position of the malar process of the maxillary, the same shape and course of the prezygo- 
matic ridge, so far as it is preserved. Part of the malar bone contributing to the fore 
part of the orbit is also here preserved ,* but the fragment has been much rolled and 
worn, and is incrusted with the petrified lacustrine deposit. 

In both specimens the enamel lias a finely reticulate surface, with a tendency to longi- 
tudinal striation. This surface aids the attachment of the cement. 

Amongst the detached teeth worked out of the portions of breccia from the Wellington- 
Vallcy bone-caves transmitted to the British Museum was one entire molar tooth 
and the halves of two others (ITatc? XXXV. fig. 6), of the size of those of Pliascolomys 
mignus. The entire molar corresponds closely with the third, upper jaw, left side, in the 
specimen last described from Barling Downs (ib. fig. 1, m i). We thus get evidence of 
the former range oi Pliascolomys magnus over some Jniiidreds of miles of the Australian 
continent. 


§ 3. Phascolomys gigas, Ow.^ — Of the lower jaws of Wombats exceeding in size that 
of Phascolomys medius (Plate XXXIV.). I have seen none with a molar series having 
the same relative size to the upper one in Pliascolomys magnus (Plate XXXV.) which 
the teeth of the lower jaw bear to those of the upper one in existing Wombats, and 
in all the extinct species of which I possess means of comparing llioso teeth. 

A sericjs of lou'cr molars with an extent of grincling-surfiice of 4 inches 3 lines (Plate 


Art. 


“ raircontolosry,” EneyclopEccba BriLanuica, 1858, vol. xvii. p. 175. fig. 114. 
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XXXVI. fig. 3) cannot have worked, in the same head, upon an npper series of only 
3 inches 6 lines (Plate XXXV. figs. 1 & 3). The anterior molar of the lower or movable 
jaw in Pliascolomys medius (Plate XXXIV. fig. 2, d 3 ) has a somewhat smaller extent of 
grinding-surface, as in all existing Wombats, than the corresponding tooth of the upper 
or fixed jaw (Plate XXXII. fig. 2, d 3, and Plate XXXIII. fig. 2, d 3). The smallest 
example of di in the remains of large Wombats yet to be described gives 9 lines and 

lines as the two diameters of its almost elliptical grinding-surface (Plates XXXVI. 
& XXXVII. d 3). Such a tooth cannot have belonged to the same species as the one 
which has an upper anterior molar with the dimensions above given as characteristic of 
Pliascolomys magmis (Plate XXXV. d 3). 

Of this species the lower jaw and teeth have not yet come under my observation. All 
the examples of the large extinct Wombats now before me for description belong to 
the species Pliascolomys gigcLS^ of which the grinding-surface of a lower molar is figured 
in the “ Article ” quoted above, and in my ‘Paleontology’ (p. 431, fig. 172, 2nd ed. 1861); 
the former existence of which Wombat I noticed, some years before, in my second 
memoir “ On the Osteology of the Marsupialia” 

Satisfactory evidence of this species has since reached me, of which I propose, first, to 
describe a considerable proportion of the mandible, obtained by Edward S. Hill, Esq., 
from a freshw’ater deposit at Eton Vale, Darling Downs, in 1863, and presented by 
Sir Daniel Cooper, Bart., to the British Museum. 

It consists of the right ramus (Plate XXXVI. fig. 1) with the fore part broken off 
near the socket of the first molar {d 3), and with some mutilation of the outstanding 
parts of the ascending ramus ; also of the fore part of the left ramus (ib. fig. 2), with 
the hind part broken off at the socket of the penultimate molar {m 2 ). They are both 
parts of the same mandible, and I have therefore supplied, in the subjects of Plate 
XXXVI. fig. 2, Plate XXXVII. fig. 1, and Plate XXXVIIL fig. 1, from one ramus 
what was wanting in the other. 

Eefereuce to Plate xxii. Phil. Trans. 1872, where the side view is given of the mandible 
in the three known living species of Pliascolomys, will make at once appreciable the 
character of the present extinct Wombat, in the minor relative antero-postcrior extent 
of the ascending ramus, and its greater relative height befoi'e dividing into the condylar 
(b) and coronoid (c) processes. The intervening notch sinks nearly to the level of the 
grinding-snrface of the molars in the recent and smaller extinct IVombats ; whei-eas in 
Pliascolomys gigasldne common plate (f, g) rises much higher before dividing into l> and c 
(Plate XXXVI. figs. 1 & 2). The fore-and-aft extent of the rising branch at the neck 
of the condyle equals in extent that of the last four molars in Pliascolomys ylatyrhimis. 


* Trans. Zool. Soc.vol.iii. p. 306, 1845 : — "I Larc rcccnfjy oltaincfl evidence from the postpliocenc deposits 
of the district of ATclbourno, through Iho Idiicliiess of luy friend Er, Hou^ioy, of an extinct "W'oniljiit, or true 
Phascoh'inys, at least four times as large as either of the kuoAvn existing .species.'’ Tho.so TiVere l^Jiascohniys 
vomhatus and FJiaacohniys latifrons: the somewhat Lirger continental ^^'omh.at (Phiiscohmijs p.ufyrliiinis) had 
not then been determined. 

•‘^nCCOLXXII. 2 L 
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and rather more in PJiascoloimjs latifrons ; in Phdscolomys gigcts the same dimension 
equals only the last two molars and half of the antepenultimate one. 

The ectocrotaphyte ridge (Plate XXXVI. fig. 1, A, A) is relatively more prominent and 
the depression (/) which it circumscrihes below is relatively deeper mPhascolomys (jigas 
than in either the Platyrhine or Tasmanian Wombats, and the intercommunicating 
vacuity is relatively wider in the gigantic Wombat, in which its long diameter is 9 lines. 
The neck of the condyle at its origin (5) is but 9 lines across ; it expands to a breadth 
of more than an inch where the condyle has been broken off. The base of the coronoid 
process (c) has an antero-posterior extent of 1 inch 3 lines ; the anterior margin con- 
tinued into that of the rising ramus subsides upon the outer surface of the jaw [g) below 
the socket of the penultimate molar [m %). 

The low^er contour of the mandible (Plate XXXVI. figs. 1 & 2) describes a strong 
convex uninterrupted cu'rve to the fractured diastemal part, herein resembling rather the 
latifront, or hairy-nosed, than the bare-nosed Wombats. 

The inflected angle (Plate XXXVUI. fig. 1, a) begins, posteriorly, at a lower level 
than the ectocrotaphyte plate (ib. A), as in existing Wombats, but it has a minor relative 
extent ; that of its base, as defined anteriorly by the “ mylo-hyoid groove” (Plate XXXVI. 
fig. 2, w)f does not exceed 2 inches ; consequently the superangular cavity (<?) is relatively 
small. The dental canal (Plate XXXVII. fig. 4, o) begins as a wide transverse fissure, 
internal to which is the large vacuity above mentioned leading to the ectocrotaphyte fossa. 
The postalveolar ridge (ib, i) forms a low angle as it bends to the superangular fossa. 
The ectalveolar groove (ib. u) is relatively narrow. 

The depth of the horizontal ramus augments more rapidly to the back part of the 
symphysis (Plate XXXVI. fig. 2 , s) than in recent or smaller extinct Wombats; from 
being 2 inches behind the last alveolus it grows to 3 inches 3 lines below the interval 
between the penultimate and antepenultimate alveoli. The smooth thick lower border 


shows prominences indicative of the matrices of the hinder molars, the bone being here 
reduced to extreme thinness. The symphysis begins behind at a vertical line dropped 
from the interspace between m j and ma; it has been partially obliterated, the separation 
of Llie rami lic're being attejided with fracture of the conlluent portion. This indicates an 
aged animal. The hinder and upper border of the symphysis is divided into i,wo curves 
by the oucroaclunent of the smooth inner surface of tlie ramus a little below the swelling 
(?'^) indicative of the closed and formative end of the soclvct of the incisor. The inter- 


locking rough narrow ridges of tiie joint show the usual tendency to radiate from above 
downward. There arc two anterior outlets of trie (fijuial canal (in the subject of Plate 
XXXVI. fig. 1. -v) on tho same vei'tical line, about half an iacli in advance of the alveolus 


of d 3 and near the diastemal margin. 

The length of the “ ascending ramus” before dividing into the condylar and coronoid 
processes shows a resemblance in tlie gigantic Wombat to the large herbivorous Noto- 


there and Diprotodon, which is not seen in the smaller species of Phascolomys. The 
bold curve of the lower contour of the horizonial ramus ” in Phascolomys gtgas recalls 
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that feature of the mandible of the Megathere, and it has a like relation to the 
lodgement of the formatiye matrices of long, ever-growing molars 

The first molar (ib. figs. 1 & 3, fZ a) is snbbilobed, through opposite longitudinal shallow 
grooves equally dividing the tooth. The tendency to a gain of grinding-surface in the 
direction of the jaw’s axis seen in the same tooth oi JPliascolomys medmsi^ in the larger 
species carried further, so as to substitute for the representative of one half or lobe of 
the succeeding molars in the anterior one of smaller Wombats a mom simplified con- 
dition of the normal bilobed phascolomydian type of molar. The enamel of cZa in 
J?hascolomys gigas is continued from the outer over the front side, and along nearly the 
whole of the hind side of the tooth. A coat of cement of similar thickness covers the 
inner side, and is continued more thinly upon the enamel. The surface of the enamel 
is longitudinally rugoso-striate. 

All the succeeding molars have a partial coat of enamel, extending from the outer 
side upon the fore part to where this comes into contact with the antecedent tooth, and 
continued, perhaps, a little further upon the hind surface. The rest of the dentine has 
the coating of cement. The proportions of the several teeth are shown in the figures 


above cited. 

As before remarked, the smaller size of the last molar indicates the Latifront Wombat 
to be nearer akin to the extinct giant than are the bare-nosed living species. The 
same aifinity is shown by the small size of the lower incisors in PJiascolomys gigas 
(Plate XL. figs. 1, 2, 3, 4). They are smaller, especially narrower, in Fhascolomijs 

latifrons than in Phase, gjlatgrliinus and Phase, vombatiis, and are, relatively, still 
smaller in Phase, gigas, with a distinctive shape. But the characters of the lower pair 
of incisors are better shown in another mandibular specimen of the present large species. 

The section or transverse fracture of the hollow base of the right incisor is shown in 
Plate XXXVII. fig. 2, i ; the length and curvature of the implanted part of the second 
molar (d .i) are seen in the same figure, in which e e indicates the anterior tenninal line 
of tlic outer enamel. The hinder fracture of the left ramus of the same jaw (ib. fig. 3) 
shows the length and curve of the penultimate molar (?w 2 ), and the posterior terminal 
lino of its partial covering oF enamel (c). 

Of the abo^’c-described instructive specimen C}{ Pltascolomys gigas little more than an 
inch of the diastcraal part of the jaw is prcsciTcd (Plate XXXVI. figs, 1 & 2. /), Portu 
nntoly, the first specimen which marie known to me the fret of so lai’ge a Wombat having 
formerly existed in A iistralia included 2 inches 8 lines of the diastemal part of the jaw. 
which contracts rapidly to the terminal outlets of the incisive alveoli (Plate XXXIX. 
figs, 1 & 2) ; whence I conclude that but little had been broken away from that end of 
the mandible. 


* tShoiiltl niiy siiecoBsor deem Oic differontiiil tharnetors of the giant IVombat of goneric or subgonorie valiu*. 
os Llie minor diiTorenees of rhuncohiwin hilifron.^ have heeii hy 3)r. ^r.uitiK (J'roc. Zool. Sot. itiliT, p. SJo). i,l;ey 
may, pcL-hap?, accept the name ‘ Phascohuvs,' liaviug rofereiice to Uio size of this species, Avliich C(iuailed iliat 
of the "Wild Ass. 

2l2 
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The subject of Plate XXXIX. figs. 1, 2, 3 was obtained from “ a salt-lake, nearly 100 
miles west of Melbourne,” and was transmitted to me by Dr. Hobson*. It is the sym- 
physial end of the mandible, with 4J- inches of the joint (s, s'), the obliteration of which 
indicates the age of the individual ; it includes the implanted parts of the incisors (i'), 
and of the three anterior molars of each ramus (fig. 1 ). The under part of the symphysis 
(fig. 2, Plate XXXIX.) shows the pair of subsymphysial foramina (r) in the same relative 
position as in the existing Wombats (ib. fig. 4, r). The prolongation of the attenuated 
anterior end of the mandible shows a nearer resemblance in Phascolomys cjigas to Plias- 
colomys latifrons (Phil, Trans. 1872, Plate xxiii. fig. 3) and Plicmolomys Krefftii (ib. 
•Plate sx. fig. 2) than to PliasGolomys ]}latyYMmis (ib. Plate six. fig. 2) or to Phascolomys 
wmbatus (ib. fig. 1). The upper surface of the specimen (Plate XXXIX. fig. 1) shows 
the same concavity between the right and left anterior molars as in the more perfect 
specimen of Phascolomys giyas (Plate XXXVII.). The hollow implanted ends of the 
incisors (Plate XXXIX. figs. 1 & 3, 2 ^), exposed by fracture of the fossil, hold the same 
relative position to the third molars (m i) as in the more complete mandible. The 
anterior outlets (ib. fig. 1, v, v) of the dental canal are in the same position. 

The subject of fig. 5, Plate XL., shows a slight inferiority in the size of the molar 
teeth as compared with that of figs. 1, 2, & 3, Plate XXXVL The present fossil is a 
portion of the left ramus with the last four molars in place. The longitudinal extent 
of their grinding-surfaces is 3 inches 6 lines (Plate XL. fig. 6), as against 3 inches 6 lines 
(Plate XXXVI. fig. 3); that of the first three molars is the same in both specimens, 
and the difference is due to a smaller size of the last molar in the present (Plate XL. 
fig. 5, m 3 ), the hind lobe of which also shows a longitudinal indent. I am unwilling to 
regard this as signifying more than a variety of Phascolomys gigas. The features of the 
mandible, such as the anterior origin of the ectocrotaphyte ridge (ib. fig. 6, A), and of the 
ascending ramus (ib. fig. C, ^), as also the cctalvcolar groove (ib. fig. 5, ?.&) and postalveolar 
ridge (ib. ib. ?‘), =0 far as Ihev .n:;o preser^'ed, closely resemble those of the more com- 
plete spccinK.'iL (''.rmaiabblc' of'ib.o present large species. 

Tlic fourth example ot Phascolomys gigas I know through a cast and photograph of 
the original, now iii tlui Australian Museum, Sydney, New South Wales. The cast was 
])repared by direction of the j'rustees of that Museum, and \v’as transmitted as a donation 
to the Piirish Museum. A photograph of the natural size, sho^\'ing■ tlie grinding-surface 
of the molar toetii, was forwarded to me through the same libcralitj'. The specimen is 
!i portion of the light ramus, including tlie series of five molars and the entire incisor 
(Plate XL. figs. 1--4), of wJiicli tooth a separate cast was prepared and transmitted. The 
molars show a slight suporioiity of size over those in the subject of Plate XXXVI., as 
may be seen by comparison of figs. 3 & 4 in that Plate ; but this I take to be within the 
limits of individual or sexual range of size. The configuration of the ramus, so far as 
the comparison can be made, closely resembles that of the more complete muiidibles of 
the present species (Plates XXXVI., XXXVU., & XXXIX): tlie portion of the 

* le tter from Pr. IIonsox, iJrarch Srd, 1S14. 
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ectocrotapliyte cavity preserved in the present cast indicates the same depth; the 
symphysial articular surface (Plate XL. fig. 1, s, s') has the same shape and extent ; the 
molar teeth (ib. fig. 1 , da, di, mi. 2 , 3 ) show the same configurations and proportions of 
their grinding-surface (Plate XXXYI. fig. 4) — the extent of the series is 4 inches 7 lines. 
The length of the incisor (Plate XL. figs. 1, ?, & 2) is 7 inches, its vertical diameter is 
8 lines, its transverse diameter 6 lines. The section of the tooth (ib. fig. 4) is lozenge- 
shaped, with the four angles rounded. The lateral angles [e, €■) are nearer the upper 
{u) than the lower ( 0 ) angles, and the lower inner facet (g) is broader than the lower 
outer one {h); the convergence of the two broad lower facets to the obtuse lower 
angle makes that part of the incisor the narrowest or smallest : if the angles were 
rounded oif, the shape of the transverse section would be an oval with the large end 
upward. The upper and inner angles are less rounded and more marked than the outer 
and lower angles. Two low narrow ridges traverse lengthwise the inner and lower facet 
(ib. fig. 1, g, g), dividing it into three tracts, the lowest being the narrowest ; the outer 
and lower facet (ib. fig. 2, h, li) is slightly hollowed. A thin layer of enamel coats the 
lower and lateral parts of the tooth up to the lateral angles {e, e'), where it subsides 
abruptly after becoming thinner than it was below. 

The base of the incisor in the left ramus of the first-described jaw of Phase olomys 
gigas (Plate XXXVI. figs. 1 & 2, ‘i, and Plate XXXVII. fig. 2, i) repeats the characters 
above given from the cast of the entire incisor, the original of which is in the Australian 
Museum ; the outer lateral angle is more sharply marked at the implanted part of the 
incisor compared. 

The contrast in the shape and relative size of the incisor of the giant Wombat with 
that of the largest knowm living species {Phascolomys ^latyrhinus) is great. The section 
of the incisor in that species has an area double that of the section of the first molar ; in 
PIiasGolomys gigas these proportions are almost reversed. The long diameter of such 
section of the incisor is transverse in Phascolomys gjlatyrhinus ; it is vertical in Phasco- 
lomys gigas. Amongst living Wombats an approach to the extinct giant is made 
by the Phascolomys latifrons, in which the vertical dinmctcT j'ircA aih in tho section of 
[ho iiicisoi: — v'/oly -hc' large end of the oval, or base of ['ue rriaiigi-:. is bolou , ucm. as 
in gigas ] and the area of the section m Phase, latifrons mtlicv exceeds tliat 

of the anterior molar, d 3. In the extinct Phascolomys 'rncduis (Plate XXXIV. fig. 4, i) 
we have a nearer approach to the characters of the lower incisors in Phascolomys gigas. 

Another evidence of Pho.scolomys gigas is the hind part of the right mandibular ramus 
with a more mutilated “ascending branch” than in. the subject of Plate XXXIT . ; it 
includes the sockets of the last four molars and the base of that of the incisor. The 
teeth in tliis spcciincii must have presented the size of those in the subject of fig. 4 (ib.) ; 
the longitudinal extent of the last three sockets is 2 inches 10 lines. The hind inicture 
is at the intercommunicating canal (Plate XXXVII. fig. 4, ^), exposing the wide 
beginning of the dental canal (ib. 0 ), with its larger dmsion continued along the outer 
side of the bases of the molar alveoli, and the smaller division (o') extending along the 
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inner side to emerge at the anterior dental outlet (v) ; the “ mylo-hyoid groove ” is 
broader and less deep than in Plate XXXVI. fig. 2, w. The characters of the ectalveoiar 
groove, of the postalveolar ridge, and of the ectocrotaphyte fossa (/) agree with those of 
•the type mandible of Fliascolomys ffifjcis. 

The present specimen was discovered by M. Satche St. Jean, at St. Jean Station, 
Queensland, in the bed of a tributary creek of the Condamine River. 

The last specimen which I have now to notice was obtained by F. Nicholson, Esq., 
from the same freshwater deposits at Clifton Plains, Darling Downs, Queensland. I am 
indebted to the kindness of Professor Haekness, of Queen’s College, Cork, for the oppor- 
tunity of here describing and figuring it. It either exemplifies the largest observed 
variety of Phmcolomys gigas, or indicates a still larger species, i e. one in which modifi- 
cations of the shape of the jaw may be associated with its superiority of size. Of this 
the mutilated state of the fragment does not permit me to judge, and I am disposed to 
refer the specimen to a large old male of Fliascolomys gig as. 

The longitudinal extent of the outlets of the last three molars of Mr. Nicholson’s fossil 
(Plate XXXVIll. fig. 4, 'jjii.a.a) is 3 inches 1 line ; they show the same kind and degree 
of decrease of size from the first to the third as in the smaller examples of the species. 
The breadth and apparent depth of the ectalveoiar groove (ib. figs. 3 &c 4, u) are as in 
tbe first-described mandible (Plates XXXVI. & XXXVIT.). The fore part of tbc base 
of the coronoid or ascending ramus (ib. fig. 3, g) and of the ectocrotaphyte ridge 
(ib. h) show likewise the same relative positions. On the inner fractured side of this 
specimen the large inner division of the dental canal is seen about 9 lines above the closed 
ends of the last two alveoli. 


§ 4. Conclusion. — In the case of Fliascolomys^ as of most Mammalian genera, when 
due time and pains nro applied to the acquisition nnd study of the fossil evidences, the 



which remain. 


Until comparatively lately llie "Wombat \vas known to zoologists as a solitary excep- 
tional form of small Tasmanian marsupial, pccnluiv in its scalpriform dentition combined 
with burrowing lialnts*. Vfo now Ivnovr Ibis generic form under many specific i^;tni(;tuval 
inodiiications, and with gradations of bulk rising from that of a Marmot to that of a Tapir. 

The T<)deiit t y])e of inciso]--?, both as to number and kind, are retained in all, certainly 
in the low'cr jaw' of the gigantic species; but it would not be safe to infer that tlio 
subjects of the ])vesciit Pa])er bul'ro^ved like the smaller living Wombats. 

If we knew the TIare {Lspus timidus) only by fossil remains, wq should err in attri- 
buting to it tlie habits and mode of life of the smaller species, Lems nuiicuhis. It is 
probable that the larger extinct Wombats did not conceal tiieniseh es under ground, 
AVhat W'e know is, that of tlie series of forms specifically varying the generic type of 
FJmcolomys the larger ones have perished. Here, as in tlie; case of the gigantic 
wingless birds of Ne’W Zealand, size and bulk seem to have born a disadvantage in the 

* Hence tlie isynor.ym, IVuiscohinys fossor, of 
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“ contest for existence The small burrowing Kivisf , like the small Wombats, have 
survived. Fhascolomys gigas and JPhascolomys magmis are not likely to have escaped 
observation if they still lingered in any of the localities made known by the adventurous 
explorers of Australia ; but the diminutive Fhasc, ggm'viis may yet be found living in 
some part of that continent. 

Another inference, or tributary illustration of a general law, is shadowed forth less 
plainly, perhaps, than that bearing upon the “ battle of life.” 

The majority of the fossils of common-sized Wombats exemplify, as in the case of 
Flmcolomys Mitchell^ the more generalized structure ; osteological characters, now 
distinguishing respectively the hairy-nosed and bare-nosed 'Wombats, are combined in 
the skull of that extinct species. At the same time divergent courses of variation had 
reached the stages indicated by Fhascolomys latifrons and Fhascolomys ^lafyrJimics at a. 
period when the larger species, now extinct, appear to have been living in Australia. 
This is less ambiguously shown, as to time, by the mandible of the continental bare-nosed 
Wombat from Queensland, than by that of the hairy-nosed species from the breccia of 
the Wellington-Valley Caverns; for, with regard to specimens obtained from caves, 
there are grounds of uncertainty as to contemporaneity of introduction not affecting,, 
at least in the same degree, the fossils from stratified deposits of known geological age. 

The extirpatmg cause of the larger Wombats, especially if they were unable to take 
refuge and conceal themselves under ground, was probably the hostility of man. No 
human remains, however, or weapons have yet been discovered in the substalagmitic 
breccias of the caves or in the freshwater deposits of Australia. But as the unseen 
planet is inferred by evidence of its force, so may the destroyer be conjectured and his 
discovery anticipated by the effects of his power ; such, e. g., as the disappearance of 
species which, from their easier detection, capture, or bringing to bay, and greater profit 
when slain, would be the first objects of chase to the primitive Aborigines. 


Table of Localities of Fossils of Fhascolomys, showing 


"Wlii'i’c ■ 

'Uy wlioni. 

‘BiTaMfj-cavL'vu, Valluy 

Sir Tliomas I'j. Yiidic-ll, C.’l? 

fU'pOHl'i.S, ViclUl’JT 

JO. 0. lJ[<)l).-on,3I.D.....' 

T.rdHisti'iiic flonosit?, Q non island 

lico. JVimcit:, l’'.L.S 

Kiiifi’s C'n'olr, 'Darling Dfwns 

T'fr. 1'iirnt‘r 

Gowrio, DiivUng Dow’.ia 

Im-oiI. Xoviile l.*.uic, 

Eton Villi'. DiuTmg Uotmis 

1 JOclwnrtl S. inil, E-sq. 

St. Jeau Slation. DarLinq Don-ns * 

! W Satiilic St. jcttii 

nravtOTi, niii’jiig Downs i 

! Sir 1>. Coepor. 'Uav. 

1 

OliTron Plaiu.s, Darling Dowiid 

1 

1 F. Kidiolfon, Esq 

Driiccia-cavcrii, Wellington Valiev 

1 

i Prof. Tiionison. and Gerard ICvelTt. Esq. ... 

1 ' 1 


! yu'. \ 


I.'" .'.'i 


I / 


, . 1 .- 

• * ' 1 ' V.. ' . . 


■ .L / Vf 

j ft, . 'f ■ 


/ . #1 ■ 


I _ ■ 

i ^ ]'h. ii>{lVuft. 

' I Th. n.yiy.s. ' 

Ph. 

fPL Ph Ki'ejfiti, 

[ l*i. Pit //udii'S* 


^ Ottex, "On UiiiomiS!,” Part lY., Tvans. Zool. Soc. vol. iv. (ISoO) p. 15. 
t Aotcrv.v avstralls, Sliaw Apteryx Owenil, Gonlcl, 
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Explanatiojt op the Plates. 

PLATE XXXII. 

Pig. 1. Base of skull and working-surface of tke teeth of tlie upper jaw, Fhascolomys 
latifrons. 

Pig. 2. Part of base of skull, with working-surface of some molar teeth, JPhascoloMys 
medms. 

Pig. 3. Left side view of the same fossil. 

Pig. 4. Right side of fore part of the same fossil. 

Pig. 5. Front view of premaxillary part of the same fossil. 

Pig. 6. Fractured surface of ditto, showing transveise section of the implanted part of 
the incisors, 2, 

Pig. 7. Inner side liew of the crowns of the thiee anteiior molars and fore lobe of the 
fourth molar of the same fossil. 


PLATE XXXIIL 

Pig. 1. Base of skull and working-suiface of the teeth of the upper jaw, Mascolojiiya 
jplatyrldnus. 

Pig. 2. Part of base of skull, with fractured and working-surface of some molar teeth, 
JPJmcoloviys medius. 

Pig. 3. Left side view of the same fossil. 

Pig, 4. Posterior fractured end of the same fossil. 

Pig. 5. Front view of premaxillaries and fractured incisors of the same fossil. 

Pig. 6. Inner side view of exposed part of the three anterior molars and foie lobe of the 
fourth molar of the same fossil. 


PLATE XXXIY. 

Pig. 1, Outside view of portion of right mandibular ramus, Phascolomys medim. 

Pig. 2. Inner side view of the same fossil. 

,Pig. 8. Upper view and grinding-surface of molar teeth of a mutilated mandible of 
JBImoolomys oneiius, 

4* Front firactured end, with section of implanted part of the lower incisors of the 
same fossil. 

Piff. 5. Hind fractured end of left ramus of the same fossil. 
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Fig. 1. ITnclcr view of part of upper jaw and molar teeth, Fhascolo'imfs magniis. 

Fig. 2. Lcll; side view of the yame fossil. 

Fig. 8. Inner side view of the right molars of the same fossil. 

Fig. 4. Upper view of the same fossil. 

Fig. 5. Anterior fractured surface of the same fossil, with sections of the base of the 
incisors, /, ?. 

Fig. 0. Third molar and hind half of acjcond molar, PlKmolomya magnm: the working- 
surlacc is shown below. 

Fig. 7. Part of upper jaw, with molar tei4h, PhaHaolowf/a medtm (Ironi a photograph). 

PLATE XXXVI. 

Fig. 1. Outside vicjw of part of the right mandibuhir ramus and tc<.4h, Phascolomys 
{PhaHcolomts} * 

Fig, 2. Inside vienv of part of left ramus and teeth of the same mandible. 

Fig. 8, Working-surface of the right molars of tlio sanu' maudihl(\ 

Fig, 4. Working-surfac-e of tlie right mandibular ramus of a larger Phamdomyi^ 


PI.ATE XXXVIX. 

Fig. I, iri)p('.v vicjw of the low<n’ jaw and tc(5th, Phamolnmijn {Phmcolonm) ghjan. 
Fig. 2. Aiiti'rior fractured Hnrfuc(‘ of right nunus of the same jaw. 

Fig. ;i. Posterior fractured surface of right ramus of the same jaw. 

Fig. 4, Poshador fractured siudaco of another mandlhnliir ranuis, Vli<fi<<vhriuijs tfUfati, 


FI. ATE XXXV] n. 



h'ig. 8. 
1^’ig. 4. 
X'hg. 5. 
Fig. 0. 


Hind view, of irnuidibh^, Pfufscafamya {Vhm^mUuiuP) /////''/.*>■. 
M ind vi(!\v of numdible, .Plt(f}H'of(niii/s 
Portion of hdt mandibular raimis of ii, large Phcii^ColoMyH 
Upp<'r surface of the sauu' fos.sil. 

Fortiou of loft mandibular ramus, /^liascolomys jpamts. 
’U])per surface of the same fossil. 



PIATE XXXIX. 

Fig, 1. Upper surface of fore part of mandible, Phascolomp gi gets, * 

Fig. 2. Under surface of the same fossil. 

Fig. 3. Back view, showing roots of incisors (i') and anterior molars {d a) of the same fossil. 
Fig. 4. Under surface of fore part of mandible, Pliasoolemys vcmihatm. 

MUOOCLXXIX. 2 m 
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PLATE XL 

Fig. 1. Inner side yiew of the fore part of a right mandibular ramus and teeth, 

Fig. 2. Outer side view of incisor of the same fossil* 

Fig. S. Working-surface of the same incisor. 

Fig. 4* Transverse section of the same incisor. 

Fig. 6. Outer side view of the same fossil (without reversing), 

Fig. 6., Upper view of a portion of the left mandibular ramus and lust four mohuvs oi' a 
smaller Flmcolomys gigas. 

All the figures are of the natural size: the symbols and letters of refiironce are 

explained in the text. 
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XIL 0)1 the Contact of Surfaces, By William SroTTiswooDB, Treas,JR,S, 


lloccivotl January IH, — Hoad , February 22, 1872, 


Ih a paper published in the Philosophical Transactions (1870, p. 280) I have considered 
the contact, a,t a point (d* two curv<3S Nvhich uve coplanar sections of two surfaces 
(IT, V), and have exainiiuid sonicwhut in detail the cast; wluu’c one of the curvefl, viz. 
the Kiiction of V, is a conic. In the method there employed, the condition that the 
point V should be .scxtactic, involvcnl the azimuth of the plane of section measured 
about an axis ])aKsing through P ; and (‘.onsecpumtly, regarded as an equation in the 
azimuth, it showed that tlu^ point would be sextactic for certain definite sections. It 
does not, however, follows conics having six-pointic contact with the surface XJ be 
drawn in the plain's so deternnned, tluit a singh^ quadric surface can bo made to pass 
through them all. In fact it will he shown in the sequel that when this is possible, the 
quadn (5 in general dp/rn'ci iiios iiiio ;i. p.-dr of planes. The investigation therefore of the 
memoir above quot(‘d sma not diree.tly concerned with the contact of surfaces, although 
it nuiy ho rijgarded as (kniUiig with a problem iutermodiato to the contact of plane 
curves and that of Kurfac<js. 

In tlu^ present investigation I have considered a point P common to the two surfaces 
TJ and V, an axis drawn arbitrarily througli P, and a p^alu^ of s<^ctioji passing (lirough 
the axis and capable of nwolutiou aliout it. J.h*o(;(‘<'ding a.s in tiio foriiKM* memoir, and 
forming the equations for contact of various degr(!<!s, and iiually riuidering them inde- 
pendent of the azimuth, wo obtain the conditions for contact for all positions of the 
cutting plane about the axis. Such contact is called circumaxal; and in particular it 
is called uniax-.d, biaxul, &.(■.. aeeording as it subsists hn: one., two, &:c. axes. If it holds 
g(>o<l for all axes tlirough the poiut, it is calhsl .supcalicial contact. 

It would at first -siglit wsmi that thevi^ shouUl Ixi a Kimilar theory as to the number of 
axes about which contact must subsist iu order that it may subsist about all axes, or be 
superficial. It is, indeed, found that if two-pointic contact he biaxal, or if three-pointic 
be triaxal, &c., tbc contact -will be superficial. Hut this would prove too much, as it 
would give four conditions instead of two for two-pointic, six conditions instead of three 
for threc-poiutic, &c. superficial contact ,* and, in fact, it turns out that there are always 
in two-pointic contact one, in throc-pointic hvo, &c. axes (viz. the t^gents to the 
branches of the curve of contact through the point) about which the contact is circum- 
axal ^er m that the theory in one sense disappears. But as it at first had a semblance 
of existence, it may still be worth while to have laid its ghost. 

At the conclusion of § 3 it is shovm that the method of plane sections may, in the 
mdcoolxxix. 2 IT 
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cases possessing most interest and importance, be replaced by the niovo g(nicral method 
of curved sections. 

In the concluding section a few general considerations arc given relating to the. 
determination of surfaces having superficial contact of various degrc'cs with givc'U surfaccjs ; 
and at the same time it is indicated how very much the goiuu'al tlu'ovy is aifcctcd 
by the particular circumstances of each case. The question of a quadric luu'ing four- 
pointic superficial contact with a given surface is considered more in (h^tail ; and it is 
shown how in general such a quadric degenerates into the tangent plane takem twic('. 
To this there is apparently an exceptional case, the condition for wliich is giv('n and 
reduced to a comparatively simple form ; but I must admit to having so loft it, in the 
hope of giving a fuller discussion of it on a future occasion. 

The subject of three-pointic superficial contact was considered hy Dupen, ‘Dcvcloppc- 
ments de Gdometrie,’ p. 12 ; and, as I have learnt since the nKunoir was written, 
a general theorem connecting superficial contact and contact along various hrsuiches of 
the curve of intersection of two surfaces (substantially the same as tliat given in the 
text) was enunciated by M. Moutard*. 

§ 1. Prelimimry Formula) and Tramfonuatlons, 

Let U=0, ^=0 be the equations of the two sur faces whose contact is the siibjticf; of 
investigation. Let their degrees be m and u rc’spcctivt'ly ; and let, as usual, 


(I) 


3;u=«., 3=u=®„ a;u=w„ 

B,a.u=a', a.a,u=®', 3.3,u=:w', 
aATr=?, a,a,tr=TO', a.a,u=ji'., 

Also let w, ®, .. r, . . represent the corresponding differential coefficients 

ofV. 

Turther, a, |3, y, a', |3', I' being arbitrary tiuautities, lot 

ciOS -j-y55 ssOT , 

— ytEr^=:C, 


( 2 ) 


Also, forming the determinants in the usual order, let 


f?5 <5, Cjj^, y<, h’ 


05, y, 

'9 13^ y', 


a 


. . . (S) 


^ Poncolot, ‘ Apidlcidions d’Aijaiyso a la OiioiHL'Iric,’ tom. ii. d. 863. 



MK. W. SI’O'mS'WOODE ON THE CONTACT OE BUEEAOBS. 


261 




\h, yj </, h iivo tlic kSix coordinates of the line of intersection of the planes w, 

or ilw aii'iH as it may he termed; and A=0, 15=0, C=0, 1)=0, A.r4-Biy+C-s4-I)i5=0 
rt^prewuib five planes passing through the axis, the azimuth of the last plane about the 
axis being deteriniiUHl by the quantity w' ; vs. 

Tills being so, the (piantitios />, . . A, B, . . will he found to satisly the following 
relations : — 

1>,A„C(7H-1)«=0, 

C/'„AA4.1)i=0, 


Ar/-i;/-hBc-o, 
Ar<!+BH“C6‘=0, 
-\-oh =0;j 


(4) 


while for every point of the plane wo shall have also 



yii* d •////-}- //2!=]), 


{All) 


Again, lot 


05 s ft i y > S 
k, 


ft\ 

i(> , t; , w, 


V. 


(5) 




Then if wo writ(^ 

*t'{columu l)d-y(columii 2)-l";5(coluim:i J>)4' ’^(column 4) 

for I'aeh of the eolvmins In sixoceasion of the expression for □ V, it will ho found that 
the following transtorination may bo effected, viz, 

y, , . . . (6) 


Again, lot 


afDV, j^DV, «nv, «av= 


B, 

0, D, 




m, h. 





®8j 1] ^ 



i, i 


> 


3« 

2n2 
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then it will be found that 

□ V = “h/* 

X □ v=(B^g - a, +D§ov=(^' □ □ ;) V, 

2^av=:(a4-AS6+D^a)v=(^'na-^n'Jv, [ 

« □ y=(a§5~b^4+d^3)v=k □ 3-^ ay V, I 

<^n Y =(a^i-I”B 52 -j"C§3 )Y =(b/ 04 — ^jroy Y j j 

where 

□l=i 3 ^ 6 - 7 ^ 3 +^^l, □i=^6- A+ ^'K ^ 

□ 2=y^4~a^6 + ^^2J □i=y'^4““Ct'^6+ 

□ 3 =aS 3 -| 3 § 4 +^a 3 , □;=a'^ 3 -.p'S 4 + n,, 

□ 4=a^l+^S24■ A? D 'i=a!\ +P'^2+y'^3* J 

Lastly, the operators § 2 , . . are subject to the following identical relations, viz. 

rSs — ~^t 

^§5 — 'l'S4 -[-^'■§3 =0, 





by means of which we may alwaj^s eliminate one of the three operators entering into 
each of the expressions (8). In fact, the following values would express the result of 
such an elimination : — 


7<CS4~AS6-{-DS2)=(C7^-Dw)^4-(Ayt-Dz056, 

7’(A§3-B^4+BS3)=(A7:-D2y^3-(B7:-Dy % ; 



so that in the case where □ Y=0, we should obtain 

11 A, B, C, D, .... (12) 

I ii>, u , w. A;. 

There is one other mode of transformation which, on account of its utility, may properly 
find a place here. If U„, Uu be the same linear functions of a, y, and a\ y', S', 
respcciively, say 

Uo=(a, |3, y, S), 

P', 1% 

then it will be found that 

(tJ., U.)(«', -»}=( . c, -i, f), 

(U„ UJO', -0)=(-C, . g), 

(U., UJC/, -y)=( i, -a, . h), 

(U., TJ.)(y, -5)=( /, g, A, ). 


( 13 ) 
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Similarly, if Uo, Uj, Us be the same functions, the first quadratic in a, P, the 
second lineo-linear in a, y, S ; a!, y, S' ; the third quadratic in o', jS', y’. S', say, 

Uo=(a, |3, 7, S)®, 1 

U.=(a,|3,7,S)(«',/3',y,S'),l (15) 

U.=(»', P', y, S'), J 

then it will be found that 


(U„ XJ., U,), « -«)==( . c, 

(Uo, U„ Uo), O', -^y=i-o, . a, gf, 

* • « 

• * • 

(U., U., Uo)(i3', -/3)(y, -y)=(-c, . a, g)(l, -a, . h), 

* • • 

• • • 

(U„, U„ UJK =( . -5,/)(/, (Jy h .)• 



And a similar process is also obviously applicable to functions of higher degrees. 

§ 2. Conditions of Contact. 

In the memoir “ On the Contact of Conics with Surfaces,” above quoted, it was shown 
that the conditions for a 1, 2, . . pointic contact at a point P of the curves of section of 
the surfaces U, V, made by a plane Ao?-]- By +C2!+D^=0, may be expressed as follows: 

v=:0, DVrrO, □‘^V=0.., (17) 

The cutting plane, say the j)lane (A, B, C, D), was supposed to pass through the 
point {Xy y, z, t)^ say the point P, to be capable of revolving about the axis whose six 
coordinates are («, 5, c,/, y, /i), and to have an azimuth which, measured about the 
axis, is determined by the quantity 'm ' : cr. 

The equations (17) may be supposed to be expressed in any of the forms to which 
they were reduced in ^ 1. Taking, for instance, the form (8), and dropping for the 
present the suffixes, so that □, □' shall be understood to represent any pair of the 
operators Di, . . the equations (17) may be written thus: 

V=0,(zD-'D-x*rn')V=:0, (zjr'a-t^P7V=0.., , . . . . (18) 

In the expansion of these expressions there will occur combinations such as 
where i and j represent any of the numbers 1, 2, 3, 4 ; and when i and j are different, 
the compound operation is not in general the same as But in the case where 
^,V=:0, ^yV=0, it will be found on actual trial of the special forms that 
The same thing may be also proved by the following considerations, which are appli- 
cable to all the forms of S,- and Sy. In the first place is symmetrica], except as 
regards algebraical sign, in respect of the first differential coefficients of V and V ; so 
that if \ be the expression obtained by replacing the differential coefficients of U by 
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those of — V in S,., we may write =^£U. Secondly, the result of any combined operation 
such as^^^i U consists of two parts, say ^ 0 ^ V (or where the accented operators affect 

y only, and (or where the doubly accented operators affect U only. 

But the conditions = 0, §^=0 give, as is well known, dy=^y, where ^ 

is indeterminate ; so that if, after the operations have been performed on XJ, we replace 
by du, By by we shall have an expression identical with that obtained by 

evaluating In other words, 


when By =0, By =0, then ByBy=BiBy (19) 

Similarly, if, in addition to By=0, By =0, we have 

B?y=o, ByBy=o, By=o, (20) 


then 


B? y=o, B;y=o, B,B;y=B,B:y, 

%• B| y=0, B,B;V=0, B;,By=B,By, 

B,^y=B,By=o, BaBy=B;y.j 


(21) 


The equations (18) may be regarded as equations involving an unknown quantity ot' : 
which determines the section along which there is a contact of a given degree. Thus, 
in order that the surfaces may have a_ 2 J“pointic contact at the point P along somo section 
through the axis, we must have 

(®'D~wDO^-y=0 (22) 

But, inasmuch as whenever there is a j)-pointic contact along any section there must 
also he a 1, j?—2, . . pointic contact, it follows that, in addition to the condition 
above written, we must also have 

(7!r'n-~t3-a')p-y=o, (?!/a~t!rn')p-y=0 . (23) 

and the conditions for the existence of a ;p-pointic contact at the point P along some 
.section through the axis will be expressed by eliminating m ' : w from the equations (22), 
(23), taken two and two together. 

"Ihus the condition for a threo-poiiitic would be 

(oy)"ny-n'ynA'(nQ'+n'D)V+(Dy)®a'y=o, . . . (24) 

or 

(□y, (□□'^□'□)y, □•'y)(ny, (25) 

Similarly, for a four-pointic contact wc should have, in addition to (25), the following: 

in% (□'□=+ □□'□+n^D')y,(D'=n+n'oa'+Dn^^)y, n'y)(D'y -nYy 

and so on, for higher degrees, the azimuth of the plane section being always deter- 
mined by the value of dT : □ V at the point P. And it may be observed that, uiidor 
the conditions supposed, there will in general be only one plane section along which the 
contact will subsist. 
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If the surfaces touch at the point P, the equation (w'D — ra-Q')V=0 is satisfied iden- 
tically, and there will in general be two directions, determined by the equation 

— ro-n')®V=0, . (27) 


along which there will be three-pointic contact, as will be further noticed in the 
next section. The condition for a four-pointic contact will then be obtained by elimi- 
nating zj' : ro- from the equations (27) and (26). These considerations may readily be 
extended to higher degrees. 

It will perhaps be worth while before proceeding further to evaluate the expression 
(24) ,* viz. the condition to be fulfilled in order that when two surfaces meet at a point 
P but do not touch, the curves of section made by some plane passing through a given 
axis through P shall have three-pointic contact. With a view to this, let us take the 
following form for □ , viz, 

□ =05^1-1-/3^24- Aj □'=a'^i4-/3'^2-f7'^j (28) 

Then the expression to be developed will be 

.+2/3y(SA+^A)4-. 0^ 

.)(AV+. .)(2o50i'^^-f 2/3i8'S^+. .(l3/4-iSV)(SA+S,Si)4-- -W 
.4-2i3y(SA4-^2^i)4-. .)V* 

In this it will be found that the coefficients of . . vanish, and that the coeffi- 

cients of •— 2c4a'j3/3', are all the same, viz. 

+ ^A) V + (S,y) AV. 

Hence the whole expression may be reduced to the form 

• . (29) 

it being understood that the operations ^j, ^3, ^3 do not affect the quantities ^iV, S3Y 
so far as they appear explicitly in the above expression. In order to calculate the 
coefficients of the powers and products of a, Z», c, we have 

\Y=ZVW—WV, l^=:WU—UW, =IIV ---VU , 

\u:=vv' —ww\ =im' —vu^ 

=W —WVi, \v ^wvd—wjll ^ ^3^) =UVi‘^VW\ 

'^iW=mi—ivu' , —uWii ^ ^ 

— ?/;yi)— v{mDi—vniy 
l^Y =uiw! ■\-vv)y ■— w?^')— wfyt' —wio'y 
-{-moG ---mho ' )— v(wv' — ww’i), 
^fV==to-i0i---2vjui:/-\-uHoi --uWi)—iv{vMx—uv'y 

each of which consists of two parts ; viz. the first involves the second differential coeffi- 
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cients of V, the secoad the first differential coeificients of V. This being so, the first 
part of the coefficient of viz. (SiV^a— will be 


= (ivu •— uwy(v^Wi — 2vwu' + W^Vi ) 

—2(WU^UW)(VW — WV)(WUU' + lyWl/ — W^W' — UVWi) 

-\-{vw —tovy(iohti—2wuv'-i-u^Wi) 

=w®{ (yw —wvfui + (tvic—mo)\ -f (iw—vufwi 
’\’2(wu•^^m){uv '—m )v! 

+ 2 {uv — w ) {vw — wv )v' 

+ 2(m — wv)(wz6 — uw)w ' } 


- 

w'. 

0\ 

* 1 

26, 

26, 

utH^ 

26i, 

2y', 


i', 

26, 


1? 

u 

(m— 1)® 

suppose 

Vi, 

26', 




20', 


26', 

m'. 

y, 


f 

u'. 


w. 

2y, 


y'. 

w'. 

20,, 

26', 

w, 


2«, 

V , 

io. 

• 

• j 


2', 


26', 

9 

^9 


U, 


10 , 

« 

• j 


26 , 


2y , 

^9 

• 



and the second part of the same expression 


= (wu — uwy{ — wmv^ + (m — vwWi } 

— {tou—ww){m^v}xi){ — (w-f- wy)y'H-2wTO' + } 
—imw ^ + 

‘{■2{wib--iiw){u}i—m)v! 

-f 2(2«y — yM)(mo— -Mjijy 


wwt^ 


26„ 

2«', 

y', 

7, 

26 

20', 

Ox , 

26' , 

m'. 

y 

y', 

26', 

201, 

26', 

20 

i', 

?n', 

26', 

ISjy 


26 , 

^ 9 

20, 

ky 

• 


wwt^ ^ 

■ PTp ^ suppose. 


Hence the whole expression (29) 

Hence the condition for a three-pointic contact in some plane about a given axis will he 
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This may be regarded as a condition to be fulfilled either by h, c, the direction 
cosines of the axis, or by y, z, t, the coordinates of the point. Taking the first riew, 
is the condition that the axis shall lie in the tangent plane of U, and 

the condition that it shall lie in the tangent plane of V ; hence (31) 
expresses the condition that the axis shall lie in the intersection of these planes. 

On the other hand, regarding «, c as given, the equation (31) will represent a 
surface whose intersections with U and V will determine the points of three-pointic 
contact about a given axis. The degree of this surface is 3(?7z+?i— 3) ; and the number 
of points will therefore be — ^3). 

Lastly, the equation (31) becomes independent of «, 5, c if 

Q=0, Q=0, (32) 

which udU consequently express the conditions that a three-pointic contact may subsist 
in some plane about any axis. The degrees of these equations are 2(^2,— l)-l-3(m— 2), 
and 2(m — l)-{-3(w— 2) respectively. Points for which such contact will subsist foi;any 
axis do not in general exist when U and V do not touch ; but the condition for their 
existence will be found by eliminating y, z, t from the equations U=0, V=0, Q=0, 

Q=0. 

§ 3. Modes of Contact. 

Hitherto we have considered only the contact of the curves of section of the surfaces 
U, y made by definite i)lanes passing through an axis. If, however, in the equations 
(18), which express the conditions for the contact of these curves, we equate to zero the 
coefficients of the various powers of the quantity m' : ©■, which determines the azimuth, 
we shall obtain a new series of conditions. And the fulfilment of these conditions will 
ensure the subsistence of contact, of the degree under consideration, independently of 
the azimuth of the cutting plane ; or, in other words, for all plane sections round the 
point P whose planes of section pass through the axis, such contact may be called 
ciTCumaxal ; and, in particular, contact which holds good in this manner for a single axis 
might be termed uniaxal contact ; that which holds good similarly for two axes might 
be termed hiaxal contact ; and so on for a greater number of axes. But before entering 
into this q^uestion, it will be as well to establish a theorem relating to the number of 
sections necessary to cnsu}-c uniaxiil contact. 

Beturning to equations (18); the second, viz (ra-'Q — ?srn')y=0, expresses the condi- 
tion for two-poiiitic contact. Suppose that this holds good for more than one value of 
TO-' : TO, say, to'^ : TOi and : to^,. 'Dien, writing down the equation for each of tlicsc values, 
we may eliminate the coefficients and obtain the resultant, 

TO2TOi~TO,jOT'i = 0. ........... (33) 

But as TOj : and : TOj are by hypothesis different, the above equation cannot be 
satisfied, and consequently the coefficients of w' and to in the equation under consideration 
must separately vanish. But the evanescence of these coefficients expresses the con- 

, MDCCOLXXII. 2 0 
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ditions for universal two-pointic contact. Hence if a two-pointic contact subsists for two 
positions of the cutting plane about an axis, it will subsist for all positions about that 
axis. It will be shown in the sequel, as is well known from other considerations, that 
under ihese circumstances the contact will hold good for aU axes through the point P. 
A similar result follows in the case of three-pointic contact. If the third equation of (18) 
holds good for three values of w' : cr^, say ^ ®-2 ; • ^"3? llien writing down the 

equation for the three values successively, we shall be able to eliminate the three 
coefficients of the powers of cy' : tD- and obtain the resultant, 


= — t3’2®‘i) = 0, ..... (84) 

which cannot he satisfied, since by hypothesis the three values of is': js are all different. 
Herifee the coefficients of the equation in question must separately vanish. In other 
words, if a three-pointic contact subsist for three positions of the cutting plane about 
an axis, it will subsist for all positions about that axis. 

The same law may obviously be extended to contacts of higher degrees. 

The axis may be drawn, as before stated, in any direction through the point P ; it 
may therefore be made to coincide with a tangent to the curve of intersection of U and 
Y at the point. But in that case it is obvious that two-pointic contact would subsist 
for two positions (in fact for all positions) of the cutting plane without involving the 
conditions for the ordinary contact of the two surfaces (viz. SiV=0, §2Y=0, $3V=0) as 
■a consequence. It is perhaps desirable to show that the formulae here employed take 
cognizance of this circumstance, as well as of the corresponding circumstances in the 
cases of contact of higher degrees. 

Suppose, then, that two-pointic contact subsists for two positions of the cutting plane 
about the axis, say for the two planes (A, B, C, D), (Ai, Bi, Ci, D,); then, adopting the 
last form of the group (8), we have the two equations 

Ao, Y +BSo Y + CK V=0,'| 

A,^ Y + BAY + G AY= 0. J 

Adding to these the two identical equations, 

+«?^2Y 4-w^3Y=0, 

«l^iU4-tA'V+w^3V=0, 

and eliminating ^jY, S3Y, ^sY, we obtain the resultants 

u, A, Aj, i 

V, V, B, Bj, 

w, C, Cl, 


. . ( 36 ) 
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And if we regard these equations as determining a particular direction for the axis, they 
express the condition that it must coincide with the tangent line to the curve of inter- 
section of U and V at the point P ; so that in this particular case the equations (85) 
do not involve =0, . . as a consequence. 

Again, in the case of three-pointic contact, we may take the following form, viz. 

A^S?V4-B^^lV+..+2BC^3V-f.-=0 (37) 

Then, since the operation identically, we obtain, by operating with 

it upon tf, V, 10 respectively, and then eliminating ty, the following resultant 





— • 

.... (38) 

SAV, 

i;V, 

KKy, 



iXY, 

SAV, 

SJV 




But this is the condition that (37) may be resolved into linear factors. Sup];>osing it so 
resolved into the product (AP-j-. .)(APi+. .), then one of these factors must vanish in 
virtue of (37). If, then, the contact subsists for three positions of the cutting plane, we 
may write 

AP+..=0, AjP+..=0, A.3P+..=0r. (39) 

to which we may add, in virtue of the identical equations. 


.+2wBAV+. .=(«^P+. .)(?^P, + . 0=0, 
.=(2TP+. 0=0, 


the following, 

2tP4-* - = 0, «fP-}-..=:0; .... 

.... (40) 

whence, eliminating P, 

1 

. . , we obtain 



W, *^1, "^^3, 0, * • . . 

.... (41> 


V , V , B, Bj, Bg. 
w, w, C, Cj, Cs 



showing that if the planes all intersect in a tangent to the curve of intersection, the 
conditions 5jV=0, S^V=:0, . . ai’e not of necessity fulfilled. 

It is perl laps unnecessary to pursue this part of the subject further. 

Bctnining from this digression to the equations (18), it may be observed that if there 
be two-pointic circumaxal contact about the point P, c. when □V=0, □'V=:0, the 
equation (w' □ — ar □ =0 will be satisfied by two values oi^ in other words, the 
curve of intersection of U and V will have a double point at P, and along each of the 
branches the contact will be three-pointic. Similarly, if there be three-pointic circuin- 
asal contact about the point P, i. c.when in addition to the former (□V=0, □'V=0), 
we have O®V=0, (□'□ + □ nOV^O, □'"V=0, then the equation (zsr'n -c?n7V=:0 
will be satisfied by three values of that is. the curve of intersection will have a 

2o2 



270 


ME. W. SPOTTISWOODE ON THE CONTACT OE SHEEACES. 


triple point at P, and along each, of the branches the contact will he four-pointic. This 
may be extended generally; but there will be occasion to return to the question hereafter^. 

It having been proved that if j?-pointic contact subsist for ^ plane sections about an 
axis it will subsist for all plane sections about that axis, the question naturally suggests 
itself whether there be not a corresponding theory as to the number of axes about which 
there must be circumaxal contact in order that it may subsist for all axes. In uniaxal 
contact it is supposed that from the point P at which the surfaces meet a series of curves 
are drawn (on both surfaces) lying in planes passing through the axis, and that contact 
of the degree under consideration subsists between every curve on U and the corre- 
sponding curve on V. If the circumaxal contact be multiaxal, we are supposed to take 
other axes through P, and draw other series of curves in planes passing through these 
axes respectively ; and the question is, whether it be necessary that the contact shall 
subsist for a definite number of these series of cmwes, in order that it may subsist for all 
such series. In the latter case we shall call the contact sui)erjicial i commencing with 
two-*pointic contact, and taking the form + for □, w^e obtain, on equating 

to zero the coefficients of w respectively, 


(42) 


and applying to these the transformation (14), we deduce the following forms, 

(ZiS 3-~4)V=0, (cS,-flyV=0, (aK-i>K)V=0, 

or 

h\Y:d,y:iy=a:d:c (43) 

If this contact bolds good for a second axis (say Sj, Cj), we shall have also 

^,y:Ky:Ky=ci,:^r^o, (44) 

But since the two axes by hypothesis do not coincide, (43) and (44) cannot both be 
satisfied except on the conditions 


s.v=o, ^,y=:0, Ky=o (45) 

These conditions are in reality only two in number, in consequence of the identical rela- 
tion 2 ( 0 , + M., 0. This shows that if two-polntic contact be biaxal it Mull be super- 

ficial. But inasmuch as the directions of these axes arc arbitrary, we may take for one 
of them the tangent to the ciu've of intersection of U and V through P ; hence, setting 
this axis aside, and reckoning only arbitrary axes, we may state that if two-pointic contact 
be uniaxal it will be superficial. This, of course, is merely the ordinary property of 
common contact. 

At the risk of being tedious on so simple a question, I venture to point out that a 
result substantially the same may he deduced by a geometrical consideration from the 
equation (ASi-fB^2-}-CSg)V=0, without the intervention of the suppositions (45). Take 

* Since writing the above I have found that a similar theorem vras cunneiated by M, jiroriAiiD, Poxoblut, 
^Applioation d’ Analyse tl la Geometric/ 1864, tom. ii. p. 3G3. 
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two axes passing through P (say PQ, PQi), and a pair of planes passing through each 
(say PQQi, PQQa, and PQiQ, PQiQa) ; then, if two-pointic contact subsist for each pair 
of planes, the contact will be biaxal, as was shown at the commencement of the present 
section, We shall now have three planes in all, PQiQa, PQaQ, PQQi (say the planes 
A, B, C ; Ai, B„ Cj ; Ag, Bg, C^), forming a solid angle ; and in virtue of the equation 
with which we started, we shall have 

AS,V+B^,V+C^3V=0, 

AAV+BAV-f-CAV=0, (4G) 

A2^,V+BAV+CA,V=0. 


But as these planes by hypothesis do not pass through one and the same straight line, the 
determinant of these equations cannot vanish. Hence the system (40) can hold good 
only on the conditions ^jV=0, S2V=0, ^^=0. But we may take, as before, the 
tangent to the curve of intersection at P as one of the axes PQ, PQj. Hence we come 
to the same conclusion as before. 

Passing to the case of three-pointic contact (and supposing that two-pointic superficial 
contact subsists at the point P), and equating to zero the coefficients of the powers of 
t!r':win the equation (tjt'd — 7!rD')W=0, and adopting the same form as before, we 
shall obtain 


^1V4- . . -h2|3y^AV+ . . =0, 

. +(l3y'+PV)^AV+ • • =0, - . 
§^V4- . . . . =0, 



which, by means of the transformation (16), may be reduced to the following forms : — 


1 

(«^ 3 — ) (^^1 ~ a\)Y = 0, 

■whereof three only are independent. 

And if the contact be triaxal, w'e should have (taking the first of these forms) 

c SAV+ W=0,' 



cAV-2^26AS3V+ 0.. 




Eliminating the coefficients, we obtain, by the usual method, 

(6iGs—5s<^j)(l^3C-‘lfCaX^Ci—lfiC)=0 (50) 

But as by hypothesis the three axes are all distinct, this equation cannot be satisfied'; 
and therefore (49) can coexist only on the conditions S5V=0, ^aS 3 V= 0 , Hence 
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if the contact be triaxal it will be superficial. But we may take for two of the axes of 
triaxal contact the tangents to the two branches of the curve of intersection through P ; 
and for every position of the cutting plane about each of these axes the contact will be 
three-pointic, viz. two consecutive points of the branch to which the axis is a tangent 
and one point of the other branch rvill lie in the plane ; whence it follows that, reckoning 
only arbitrary axes as before, if three-pointic contact be uniaxal it will be superficial. 
And this method has application to all degrees of contact. 

The equations (48) would apparently determine two axes about which three-pointic 
contact Would be circumaxal ; but that this is not the case will appear from the actual 
solution of one of them. In fact the solution of the third equation depends upon the 
quantity in order to develop which we have the following values : — 


ifY=- 

^1, 

Til , 




Xi', 



It!, 


10, 


xi, 

W,, 

XV, 



w. 

• 



XV, 

• 

1 

II 

w', 

d , 

u. 


xid, 

xl , 

XI, 


Ti, 


tJQ, 


Xl’, 

10„ 

xo. 


V , 

w, 

• i 


^ > 

xo, 

¥ 

1 

II 



XI, 


u„ 

xT , 

u. 



To,, 

%0, 


v' , 

Wx, 

xo. 


u. 

w. 

• 


u, 

XV , 

* 


Hence, by the method of compound determinants, in the expression 


the term independent of d 






=xo- 


xv'. 

v' , 

XU, 

=:~^W%ViXVi"-‘U'% . .){lb, 

V, xof, 


i?. 


xi , 

XX, 





Ti , 

w„ 

xo. 




u, 


XV, 

* 



the coefficient of 6® 








XI i, 

xo'. 

xi, 

u. 


V, xof; 


xo', 


xi. 

X}, 



1 

xT , 

Xl', 

xo„ 

XV, ^ 




u , 

X} , 

xo. 

« { 



while the coefficient of 0 will be 

found to be 




. .){% % wf; 
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so tliat the whole expression sought 

= . .)(Ui V, wf 

— (iJiWi+WiVi— 2^tV, . .)[v,, y, w){u^ V, w) 

.. )(*f> '^5 

— ^iiD^cp suppose. 

This being the case, the solutions of the equations 

(&^3-cS2yV=0, (cS,~«y^V=0, {al,-ll,yY=0 
may be written in the following forms : — 

aZ-O, =:=Fw5 v'-O,’ 

cSiV— iz&3V=db?^ « V '— c ■ (51) 

ci6^ — h = ±'ivl) Y—<1\ — -\/ - O, j 

which involve 0=0. O is therefore a surface which cuts U in a curve, at each point of 
which there is an axis, 

a:l:c=^Y:hW:hW, 

about which there is three-pointic contact. 

It may be shown also, by the following geometrical construction, that if tljrcc-pointic 
contact be triaxal it will be superficial. If we take three axes, PQ, PQj, PQ^, mid draw 
through each three planes ; then if three-pointic contact subsist for each triplet of planes, 
the contact will be circumaxal for each axis, and therefore triaxal. If we take a fourth 
axis, PQg, the following planes will pass three and three through each of the axes, and 
will serve for the planes required, viz. the planes 

PQiQg, PQgQ, PQQ„ PQQg, PQ.Qg, PQA, 

say the planes (A, B, C), . . Bg, Cg). Taking the forms ASj-f BSg-fC^a foi' □> 
conditions for three-pointic contact along each of these planes will be 

(AS -1-B ^,+C ^3)^V=0, (AgS.-f Bg^^-f C3^3)^V=0, ’ 

(AA'+BA+OA)=V=0, (AA+BA+CA)^V=0, ■ (52) 

(AA+BA+CA)T=0, (Ag^,+BgS,+Cgy^V=0.^ 

Eliminating $?V, S^V, . . SAV, . , , we obtain the resultant, 


A?, 


B^..BC,.. 
B?, . . B,C„ * . 





• f 


which is the condition that the six planes should all touch a cone of tlie second degree. 
But the planes in question pass three and three through four lines ; and as it is impos- 
sible through any one line to draw more than two planes touching a cone of the second 
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degree, the equations above written (52) cannot be satisfied except on the conditions 
SfV= 0 , ^?V= 0 , . . ^^^gV= 0 , . which are in fact the conditions for superficial contact. 

There is another more general way in which the subject may be regarded. In fact if 
a, 0 , 7 (or, if we prefer so to state it, if A, B, C) no longer have the significations 
originally given to them, but represent the differential coefficients of an auxiliary 
surface W ; say, if 

h,W=u, B,W=v, B^W=w, B,W=k, (54) 

then the equations 

♦ V=0, (uoi--i-^'^2+''^'^3)^— (u^i+vS2’i“'^^3)^"^=0s • .... (55) 

will no longer express the conditions for two-, three-, . . pointic contact of the curves of 
section made by the plane (a, /3, 7 ) or the plane (A, B, C), but the contact of the 
curves of section ^lade by the surface W. And as the surface W is perfectly arbitrary, 
the formulee will apply to any curve drawn at pleasure from the point P on the surface U. 
It is to be borne m mind that in expanding the expression for three-pointic contact we 
shall obtain 

(u^i-j- • .)^=(uSi+ . • • 

-{-(u^S^-i-V^Sa"!" • • 2 uySj^2“1- . .yV i 

but in the only case which possesses much interest, viz. Yvhen the two-pointic contact at 
the pomt P is superficial, we have SiV=0, S 3 V= 0 ; and consequently 

(u5,+ ..)^V=(u«S^4-^^^S^+..2uvSA+..)V, (56) 

which is of the same form as the expression derived in the case of plane sections. And 
as the operators unchanged, and are subject to the same identical relations 

as before, the conditions of contact now considered will be susceptible of the same 
transformations (the transformations (13-16) excepted) as those considered before. 
Prom these, therefore, Yve may draw the following conclusion : — 

Consider two surfaces, U, V, having superficial two-, three-, . . pointic contact at a 
point P ; from P draw any number of curves arbitrarily on U ; Lyvo, tln-cc, . . consecutive 
points of these curves Yvill. in consequence of the superficial contact, lie also on V. This 
being so, if for any three, foiu, . . of the ciuTes an additional consecutive point lies on V-, 
then the same will be the case for all the curves, and there will be superficial three-, 
four-, . . pointic contact between U and V at the point P. 

This mav be also stated in the following form : — 

If two surfaces, U, V, have two-, three-, . . pointic superficial coutnetat a point P, and 
if through P we draw any number of siirfiices arbitrarily, the curves of section on U 
and Y whicli correspond to one another Yvill, in consequence of the superficial contact, 
have two-, three-, . . pointic contact. This being the case, if any three-, four-, . . corre- 
sponding curves have three-, four-, . . pointic contact, then all Yvill have three-, four-, . . 
pointic contact; and there yyuU be three-, four-, . . pointic superficial contact between TJ 
and V at the point P. 
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This theorem for the case of three-pointic contact was given by Dupiif, ‘ Developpe 
ments cle Geometrie,’ p. 12. 

§ 4. On Surfaces having Superficial Contact with given Surfaces. 

It is well known that at any point P of a surface XJ we may in general determine a 
plane V touching, or, in terms of this memoir, having two-pointic superficial contact 
with U. This suggests the question whether surfaces V of other degrees may not be 
determined having superficial contact of higher degrees with U at a point P. 

The number of conditions for a 1, 2, . . j;-pointic superficial contact has been shown 
above to be 

1 q fi ^i±l) 

2 * 

Now the number of independent constants in the equation of a surface V of the degree 
1, 2, . . }??., is 

q 0 10 (?w-f + _ 

o, y, . . 1,2.3 ~ ’ 

so that, employing the equations which express the conditions of contact for deter- 
mining the constants of V, we shall meet with the following cases. First, if the number 
of conditions be equal to the number of constants, there will be a determinate surface 
V having a superficial contact of the degree under consideration (say p) with U at the 
point P. Secondly, if the number of conditions exceed that of the constants by unity, 
the constants may be eliminated, and the result will be an equation between the coor- 
dinates ; in other words, an equation to a surface which wdll cut XT in a curve at every 
point of which a surface V may be drawn having jp-pointic superficial contact with XJ. 
Thirdly, if the number of conditions exceed that of the constants by 2, we may eliminate 
the constants in two ways, and obtain two resulting equations, which will represent two 
surfaces mutually cutting XJ in a finite number of points, at each of which a surface V 
may be drawn having j;-pointic superficial contact with XJ. Lastly, if the number of 
conditions exceed that of the constants by more than two, wc shall obtain a number of 
resulting equations equal to that excess. From these, together with the equations U=0, 
V=0, the variables maybe eliminated; so that the number of resultants less 2 will 
represent the number of conditions which must subsist among the constants of XJ, in 
order that it may bo possible to draw such a surface V- This being the case, there will 
be a determinate surface V of the degree m having jp-pointic superficial contact withXJ, 
(1) at any point on U, or (2) along a certain cuiwe on XJ, or (3) only at a finite number 
of points on XJ, according as the expression 

p(p + l) (7ra+l)(OT + 2)(7?i+3) - A O. 

i.2 1.2.3 -hJ. — u, 1, Zi, 

or, clearing denominators, according as 

3jp(^-fl}— llm=0, 6, 12 

2p . 


MDCCCLXXII. 


( 67 ) 



276 


MT?. , W. SPOTTISWOODE OF THE CONTACT OE SUEEACES. 


Now it is obvious from the signs of the terms on the left-hand side of this equation that 
the result cannot be positive if^ be less than 2m; beginning therefore with 2m, we 
obtain 

— m^+Cm^— •5m=0, 6, 12 ; 
or, resolving into factors, we have the three cases 

m(m— l)(m— 5)=0, 

(m — 2)(m^— 4m -h 3) = 0, 

(??i— 3)(7 ?i— 4)(m-f 1 ) = 0. 

Next, let ; then, substituting this value in the equation (67), we obtain 

— m^+6m®-|-7m4-6=0, 6, 12; 

or resolving into factors so far as possible, we have the three cases 

m® — 6m® — 7m — 6 = 0, 

(m— 7)(m-f-l)=0, 
m® ~ 6??i® — 7m + 6 = 0, 


the first and last of which give no solutions in positive whole numbers. 

This appears to exhaust all the solutions of (57) in positive whole numbers. Itcca 
pitulating the foregoing results, we may form the following Table : — 


Degree of 
.contact. 

Number of 
conditions. 

Degree 

ofY. 

Number of 
constants. 

Difference 

conds.-consts. 

Superficial contact 
possible. 

2 

3 

1 

3 

0 

At every point on U. 

4 

10 

2 

9 

1 

Along a curve on U. 

6 

21 

3 

19 

2 

1 At a finite number of 

8 

36 

4 

34 

2 

j points on U. 

10 

66 

6 

66 

0 

At every point on U. 

16 

120 

7 

119 

1 

Along a curve on U. 


Such is the general theory. But it is probable tliat it undergoes modifications in 


each particidar case; it certainly does so in the only case fully examined here, viz. that 


of a quadric liaving four-poiiitic contact with XJ. 

In fact, iunsnmcli as the equations, whereby the constants arc ultimately determined, 
are linear the solution is in every cfise unique. But four-pointic contact will subsist if wo 
consider the quadric to consist of the tangent plane taken twice; and as tlie solution is 
unique, no other quadric can in general he drawn hav ing four-pointic contact. Further, 
since a tangent plane can in general be diwn at every ].)oint on U. the quadric of four- 
pointic contact (viz. the tangent plane taken twice) exists generally ; and the condition 
(viz. difierence, conditions— constants=l) restricting it to a curve on U must he satisfied 
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identically. Similar remarks apply to contact of the degrees 6, 8, 10 ; but not appa- 
rently to that of the degree 15. 

It will be worth while to examine the case of four-pointic contact more in detail ; 
and for this purpose the special transformation of the operation □ ^V, employed in the 
memoir before quoted, appears to be best adapted. The following method of eifecting 
that transformation is perhaps more expeditious and direct than the process used in the 
memoir itself. 

Taking for □ the form ASi+B^a+C^s, we have 




A, 

tc, 


— 

□ A, 

u. 


+ 

A, 

DU, 



A, 

n, 

□ 9,, 

B, 




□ B, 

Vy 



B, 

n y } 



B, 

'y. 


c, 

Wy 



□ C, 


^*5 

i 

c, 

□ w, 



, c, 

w, 

□B,. 


But by the equations (11) of the memoir, 
urD A 


A, ic, a A — «A, 

1 

II 

A, n , 05, 

If 

1 

05 , Ot'y ll , 

B, y , aB — |3A, 


B, y, /3, 


/3', V , 

0 

1 

> 

i 

C, Wy y, , 


y, y', 


A; 


whence 


□ A, 

W, 


V=- 

CC^ CCr ^ 

w, 

A, 

u, 


v=-~ 

05 , 

ttJ, 


□ B, 

V, 



/3, P', 

'0, 

B, 




ft 

/3', 

y, 

Q 

□ 

W, 



7. 


c, 

w, 





to. 


□ V=0, 


since by hypothesis □ V=0. Again, 

nu 


A, 

to. 


, Qy=: 

' A, 

Uy 

w'. 

, Ow= 

A, 



B, 


w', 


B, 


yj, 


B, 

V, 

u', 

0, 

w, 

y'. 


c. 

Wy 

te'y 


c, 


Wi; 


whence, remembering that (on the supposition □V=0) dg,V=:du, ’dgY—CWy 

we derive the following ; 


A, 

Qth 

a.. 

11 

A, 

au. 


II 

! 



y^ 



B, 

Dv, 



B, 

Qv, 





w', 


B, 

0, 

□ Wj 

^«5 


c. 

□w, 

w, 


y', 



W, 

c, 









w, 

« 

* 







A, 

B, 

c. 

• 

# 


\n-iy 


iH, 


2p2 
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Wi, 

to', 



A, 

w'i 

^ n 

u'\ 

m', 

B, 

v' , 

u' , 

Wii 

d , 

c, 

1 ' , 


v! i 

k. 

D, 

A, 

B, 

c, 

B, 

» 


Again, if in the following expressions 'd,, By, B^, B^ be understood to affect V alone, then 


A, 

Ui 


7 = 

Ui, 

w\ 

di 

tiy 

A, 


V- * 

n-l 

U,y 

7 V\ 

d y 

/ ■' , 


A, 

Baj 

B, 

V, 

OBy, 


w'i 

Vi, 

u'i 

V, 

B, 



tdy 

Vi, 

tV , 



B, 

By, 

c, 

Wi 


1 

d, 

tV i 

Wii 

Wy 

c, 

a., 


d y 

tVy 

Wiy 

tl! y 


0 , 

B., 




u , 

V , 

tUy 

• 

• 

« 


u , 

V , 

w , 

TCy 


ft 

• 




A, 

B, 

c, 

• * 

• 

* 


A, 

B, 

C, 

B, 

D 

■ 

ft 

f 




B« 

a,. 

3 >, 

« 

* 

« 


Bjf, 

Bi/, 

B-, 

B.- 

ft 

« 


where D=AB^-h3/By-f 5B^4 -j 5B<. Also, by similar processes, the above expression may be 
farther transformed as follows : 


f’ 


where 



tdy 

d, 

r y 


A, 

3., 

td. 

Vi, 

tV y 

m’y 


B, 


d y 

U'y 

W,y 

U' y 


c, 

a., 

1', 

m'y 

u'y 

h,y 


B, 

a,- 

A, 

B, 

C, 

B, 


ft 

ft 

Bjt, 


B., 

B,- 

D 

'T 

ft 

ft^ 


D 

‘7’ 


V=5r4i(AV-2 2-i<,H), 



w ^ , Vi A, Bg,, 

w'i Vii %V i m'i B, By, 
Vi i V)ii til i C , B^, 

V , nVi tV i ki, D, B^, 

A, B, C, B, . . 

Bj), By, B^j B/ , . . 


So that finally the expression 0^7=0, combined with V=0, O 7=0, is reduced to 

AV-(n-2^)«H=0, 
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where 

U V w k 


which agree with the results obtained in the memoir. 

In order to determine a quadric V which shall have superficial fonr-pointic contact 
with the surface U, let H„ be the value of H when a, |3, y, ^ are written for A, B, C, D 
respectively in the last line and the last column of H ; let 11,2 he the value of H when 
a, y, I are written for A, B, C, D respectively in the last line or the last column, and 
a', y', I' in the last column or the last line of H ; and let H23 be the value of H 

when cc', |3', y', are written for A, B, C, D respectively in the last line and the last 
column of li. Further, let 

\B.=2h (58) 


the differentiations being effected (as was shown in the memoir to be permissible) 
without reference to A, B, C, D. Lastly, if ^1 
when H becomes Hu, H12, H22, respectively, let 

/>» An At Al»^ aJ 7/ 

(50) 

10, h, 


115 • • 


• •» jPa2» 

u, 


U„ 


<7. 

tv'. 

w, 

r, 

v', 

Jo, 

s, 

1' 


That is to say, X, Y, Z, T are the determinants formed from the matrix opposite to 
them by omitting each of the columns in order ; and P, Q, E, S are the negatives of the 
determinants formed from the matrix opposite to them by omitting each of the columns 
4, 5, 6, 7 in order, and always retaining the columns 1, 2, 3. 

This being premised, the conditions which the coefficients of the quadric 

V=(a, b, c, d, f, g, h, 1, m, n)(^, (60) 

must satisfy in order that four-pointic contact may subsist between the two cuivos of 
section of the surfaces U, V made by the plane Aa’-f B^^-f-C^+D^ssO will be, as proved 
in the memoir above quoted, 

-«P)a+(MY -^P)h =0, 

(^;X -yQ)h +{vZ -5!Q)f +(^JT -^Q)m=0, 

(wX— a7E)g-f (wY--?/E)f +(wZ— «E)c-f (wT— ■({E)n =0, 

{JcX-a;S)\ +(^Y-yS)m+(^Z-2S)n+(CT-jfS)d=:0;j 

and the contact will be circumaxal if the foregoing equations are made independent of 
; cr. therefore, we represent by X,,,, . . P„„ . . ; Xi;a, . . Pui* • • ; X,22, . . P,sj, • . ; 

■ • Pasis • • the coefficients of the powers of nr' : w in X, . . P, . . respectively, w'e shall 
have four equations in the place of each one of the above group — apparently twelve 
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equations in all. These, however, are equivalent to only nine, as may he thus shown. 
Taking the first, and equating to zero the coefficients of the several powers of xff' *. 7jr,and 
eliminating a, h, g, 1, we obtain the condition, 

yPa„, 2tZ„i— ;sPi„, ^tTi„— i^P„i, |=0;. . (62) 

^^-Xjj2“~'^Pi12j u2 "“2 ^Pi12 J ^^Zjj2““^Pli2} 

?iX!j32"“^Pl225 ^"^^22 ““2^^1225 ^^Zi22 ^Pl225 ^^^122 ^^122) 

‘ZiiX222”~^P222J ^^^"222 *“ 2^^222) ^jT222 ^^222j 


and it is not difficult to see that omitting the factor and employing the relations 
-\-v'7i-{‘l'Tl==:'2 &c., this expression may be reduced to the following form: — 


u , 

(S , 

y » 

^ 5 

i , 

X„., 

Y 

X 1115 

Zjjj5 

T 

**•1113 

p 

mj 

x„„ 

Y 

-*-1113 

Zaiij 

T„„ 

Xii2} 

Y 

-*• 1125 

Zj J25 

rp 

-^1131 

P 

112} 

Xn2, 

Y 

'*'1125 

2^1 12> 

T„g, 

Xj23, 

Y 

1223 

z 

^1223 

T 

**“ 1223 

P 

-L J223 

Xj231 

Y 

-*-1223 

Zi22} 

T 

-^1223 

X 

■^^2223 

Y 2225 

Zo225 

T 

-*■2225 

I*a22} 

v 

*^*2223 

Y 

2223 

^222} 

T 

-*-223) 






wffiich vanishes identically, since wXm-l-?;Yjii“f'^Zjjj-j-^"Tm=0 «&c. 

The four equations derived from each of (61) are consequently reduced to three, and 
the whole number of equations connecting the ten coefficients of U to nine, the proper 
number for the determination of their nine ratios. 

This being the case, we may take as the equations for determining the ratios a : h : g : 1 
the following, viz. 

(rtX. j 1 a.Piii)a -{■ (z^Y 2^Piii)h •*{-• ('Z^Zm— zP in)§ d" — tp^jlrr 0, 

(wXij2 ^rPll2)a■-f•(?^T 1J2 yP 112 ) 1 ^ ^^ 112 )^“!“ (‘^^Tii 2 ^Pij2)l = 0, 

(wXi2a ZlPiaaja-f - (t^Yi22““yP i22)^“l“ (^^^ 122 — ^ a22)§ "f” ("^^ 122 "" ^P 122 )!^ d ; 
and the quantity to which 1 is proportional will then be 


ttXnj tl’Pjij, 

‘^^Yiii- 


W'Zm' 


12 — I'rPj 12 , 

^^Yjja- 

—^^112} 


-*Pus. 

'Z z YIj 22 “■ «rPj 22 , 

^{Yi22* 

-"3^1*122} 




which, omitting the factor is equal to 


? 5 


li ,(c ,y 

Pm, Xjii, Ymj Ziii, 

Pji(jjJ ^U2> Yijg, Zu2, 


,ss ,y , ,z , =-02-2)^ X^, Y^, Z^ 


^^T,i„ X, 1 „ Y,,,, Zin, Xn9<i Yx,„ Z 


•Xin ’^'*"1115 -^1113 

ZTjiaj Xii25 Zu2j 

^'^T']23, ^^122, 'Y'22oj Zjnp 


nij ^iu 5 

U2J -*-1125 Zj22, 

122} Yi22j Zjg2, 


Calling the coefficient of - {n^2)n in the last expression (X, Y, Z), and forminrr simila 
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expressions in Y, Z, T, &c., we shall obtain the following values for the ratios sought, 
viz. — 

(yrirT]={Z7X7T)=(X, Y, T)=(X Y, ii) 

But • 

y&(Y, Z,T)=-w(X, Y, Z), 
i&(Z,X,T) = -^j(X, Y, Z), 
j&(X, Y, T)=-w(X, Y, Z). 

Hence, omitting the common factor (X, Y, Z), we have 


a li S 1 

u V w 



and proceeding in a similar manner with the equations in h, b, f, m ; g, f, c, n ; 1, m, 
n, d, it will be found that, when the quantity (X, Y, Z) does not vanish, 

V=(a, b, . f, . . 1, . .)(a^, y, iJ, .... (66) 

that is to say, that the only quadric which in general has a superficial four-pointic 
contact with IT at any given point P is the tangent plane taken twice. 

Prom the relations given above, it appears that if any one of the equations 

(Y,Z,T)=:0, (Z,X,T)=0, (X,Y,T)=0, (X, Y, Z)=:0 . . (67) 

is satisfied, then all are satisfied ; so that it will be sufficient to study any one of them. 
Although I have not succeeded in reducing the expression (X, Y, Z) to any very simple 
form, it may still be worth while to show how it may be extricated from the condition 


of a compound determinant. With a 
Xiii, , . in full, viz. : — 

view to this, we may write down the values of 

Xui= , 7 > 6 ', 

'0 ^ IDi h i 

Sa, 

Y.u^ 

= y , a , ^ , 
W , 21^ , k , 

^llJ ® 11 > 

— • •? Tm=: . . 

Xu 3^2 5 y , ^ , 

+ '^', y'.S'.Y..,. 

=2 y , a , ^ , 

" 1 “ y j 05 j ' Zjjg~ , ,, Pji 2 ~ ♦ *■ 

'0 yW f 7c ^ 

V , IV j k , 

w , u i k , 

m, 'ti , k ^ 

^’l 2 S 

^ns 

^139 JPi29 ^139 

r,, 


y' , a' , , 

■f" y 9 Ot ^1S3~~ • '9 1l22*^ ** 

V ^ w i k ^ 

V , w s k , 

w, u ^ Ic^ 

, k , 

^i 2 > ®i 2 > 

Saaj ^*229 ^aa> 

Vm !Pm ^ 12 ! 

^229 i^ 2 ! 

V , w, k , 

^22> Sasjj 

Y 320 : 

i 

= ,1' , 

w, u 

Z222~ . ,j p222~ 
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This being so, let 


a , 


7 ) 

S, 

11 

a , 

/3, 

y 5 


““T 

— ■••I) 

a , 

/3, 

7) 

J , 

a' , 

13', 


Y, 

•1 

a' 

/3', 

/» 

S'. 


a' , 

/3', 

y') 

S', 

w ) 

V , 

w, 



u , 

ii > 




u , 

» > 



Ihi, 

Jn. 

^’llJ 

® 11 ) 


Pw 

dm 

^*125 

^ 12 ) 

j 

i^ 22 ) 

222 ) 

^* 22 ) 

S 22 ) 

a , 


y 5 

5, 

=£ 2 ,, 

a , 

13, 

y 5 


= - 2 Q„ 

a , 

(3, 

y ) 

s , 

u , 

« j 

w, 

k , 


, 

i> , 

m, 



w , 

® , 

w, 

Ic , 

'Pm 

5 'i 2 S 

?’l 2 ) 

^125 


i?225 

^225 

^225 

^ 22 ) 


i?n, 

i?n) 

^•ll5 

^ 11 ) 

P-iit 

dm 


® 22 ) 


i?’ll) 

2 ^ 11 ) 

'J’ll) 

Sll," 


JPi25 

^125 

^ 2 ) 

^ 12 ) 


•T 1 


Also let G'l, O' represent the expressions obtained by writing a', j3', y', V for 
a, |3, 7 , ^ respectively in the first lines of Oj, Oi, 0. Then it will be found, by the method 
of compound determinants, that 


T V 


412? 112? 


:20 y, d, “|"T w 

Wf kj f II 


whence 


y , ^ , T, 
10^ k , . 

20, 


Aii5 

T V 7 

“^n2> J-im ^112} 

A.,oo, 'fioa, ZioQ, 


‘‘122J -*• 122> "1225 


2T, 5 , T, 

. k , . 

20'-f*20j, Sjj, 20, 


:2/&{2T,0-T(0,+0'j} ; 


similarly, 

X 


“^•^1113 ^1113 

Xii2, Yn25 Zji2> 
-X 2225 Z 222 , 


=2X"{T,0-T0;); 


-X 2225 Z 222 , 

both of which, when equated to zero, are comprised in the system 


0_0'+0i_n'i 

T 2Ti "“Tq' 


Similarly, taking the determinants 

X„„ Y„«, Z 


-^*•1125 -^im "1125 

^1225 Yi22j 2i22, 

X222J Y222) Zjjj, 

we should arrive at the system 


^111) Yiii, 2jii, 

^1225 ^ 122) ^im 


‘■2825 222) ^222) 


'Oi O'' "f" Ofl O 3 
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XIII. On the Organization of the Fossil Plants of the Coal-measures . — ^Part III. Lyco- 
pocliacese {continued). By W. C. Williamson, F.B.S., Professor of Fatural 
History, Owens College, Manchester, 

Eeceivcd February 29 , — Eoad ITarcli 7, 1872. 


In the last memoir which I laid before the Boyal Society I described a number of forms 
of Lepidodendroid plants from the Coal-measures, without making any material attempt 
to ascertain the relationship which they bore to each other. I now propose to carry the 
subject somewhat further, and to show that some of these apparently varied forms of 
Lycopodiacese merely represent identical or closely allied plants in different stages of 
their growth. The discovery of some remarkable beds in Burntisland, by George 
Grieve, Esq., and his persistent kindness in supplying me abunda,ntly Avith the raw 
material upon which I could work, have enabled me to do this in a manner, at least, 
satisfactory to myself. Upon the geology of these remarkable beds I will not now enter, 
beyond saying that they appear to have been patches of peat belonging to the lower 
Burdiehouse series, which are now imbedded in masses of volcanic amygdaloid. The 
stratum, where unaltered by contact Avith the lava, is little more than a mass of vegetable 
fragments, the minute structure of most of which is exquisitely preserved. The more 
perfect remains that are capable of being identified belong to but ferv types. The most 
abundant of these are the young tAvigs of a Le^idodendron, portions of the stem of a 
Higgloxylon, stems of a remarkable Lycopodiaceous plant belonging to my new genus 
Pictyoxylon (but AA^hich, for reasons to be stated in a future memoir, I propose to unite 
Avith Corda’s genus Heferangium, under the name of IL Grrievil), and fragments of Stig- 
mariafcoides. Along with these occur, but more rarely, several other curious Lycopo- 
diaceous and Eern stems, and those of an articulated plant, Avhicli I believe to be an 


AsterOjphyllites ; also some true Lepidostrobous fruits and myriads of caudate macro- 
spores belonging to the LejgidostroU. 

The first point to be noted is that all the Lepidodendroid branches are young twigs. 
No one example of a large stem has been found presenting exactly the same structure 
as these small branches, which, as already stated, arc so abundant. On the other hand. 


all the Pijiloxylons are large branches or matiiix^d sieiviii;. T'Jic-se facts at once suggested 


the inquiry whether the two plants referred to might not bo complementary to each 


other. A. careful and very extended study of a large number of specimens has con- 


vinced me that such is the case. I ha^•e made more than a hundred sections of the 


two forms, and the result. has been a rcmarJcably clear testimony that the Lej)id.odeddra 
are the twigs and young branches of the Pigfoxylon-Btenvi. I am also led to the con- 
:mdccclsxii. 2 q 
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elusion tliat tlie LepidostroM, with their peculiar macrospores and microspores, belong 
to the same plant. I will examine each of these forms in detail. 

Plate XLI. fig. 1 represents a section, rather less than a quarter of an inch in length, 
of a compressed twig of a ILepidodcndvon. Nearly all the stems found in these beds are, 
thus compressed, the peat and its contents having apparently been heavily weighted by 
the superimposed volcanic masses. In the case of the larger ])iplo(Kylon--BtQX!!x the central 
woody cylinders have been strong enough to resist the pressure, their thick cortical layers 
alone having yielded to it. The smaller Diploxylons are somewhat more compressed, 
as is also the case with the Lepidodendroid twigs. 

In the section under consideration we have a central vascular cylinder (fig. 1, c), in 
the middle of which is a small vacant space. In other and similar sections this vacant 
area is occupied by a very delicate form of cellular tissue. The vascular cylinder consists 
of an aggregation of barred vessels not arranged in radiating lines ; it is surrounded by 
a mass of parenchyma, the innermost portion of which {g) is somewhat different from 
the rest. This parenchyma is continuous with that of the bases of the leaves (^), whilst 
at U we have sections of the free extremities of several of the leafiets. Such are the broad 
features of the majority of these sections ; but a closer study of a large number of 
specimens reveals differences which it may be well to study in the order of their deve- 
lopment. 

Plate XU. fig. 2 represents the extreme tip of a very slender twig, not more than 
one twelfth of an inch in diameter. In its centre is a small bundle of barred vessels ; 
the rest of the section is composed of cells whose maximum diameter is rarely ‘0012, 
those of the epidermal surface being smaller and more dense than those of the interior 
of the section. The bases of the leaves (Q, with the exception of that marked exhibit 
none of the peculiar form which characterizes them when perfect, as seen in fig. 1, I, 
Pig. 3 represents the central vascular bundle of a specimen in all respects similar to 
fig. 2. It consists of an irregular cylinder of barred vessels of various sizes; but the 


transverse section of the largest is not more than iir. 


diameter, whilst 


others are oven less than ’0005 In the centre of the bundle is a very small area (a) 
of irregular shape, in which there are no vessels, but which exhibits faint traces of 


cellular tissue. The entire compressed vascular cylinder has a maximum diameter of 
about '015. No traces of vascular bundles appear in the young leaves. The external 
aspect of these young leaves is represented in Plate XLV. fig, 31. Longitudinal 
sections of them show that the basal half of each one is. turgid and thick, whilst at 
about half its length it suddenly contracts into a thin and semimemhranous form. 
Advancing from this example we pass through intermediate forms to Plate XLI. fig. 1, 
where, as we have already seen, the leaves are fully formed, and where there is a 
slight tendency to differentiation between an inner bark (g) and an outer one (i). This 
difference in the transverse sections is scarcely capable of being described, tliough. the 
eye sees at a glance that the two tissues are not exactly alike. It partly consists in a 


*' All these diTnensions lefer, it is scarcely necessary to say, to the standard of an inch. 
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■tendency in tlie cells of the inner hark to arrange themselves in a line parallel with the 
larger axis of the section, partly in the more uniform size of the cells, and partly in the 
less dense character of the tissue. On turning to the central vascular bundle, we find 
that it has undergone a considerable change. The vessels have become much more 
numerous, and the transverse sections of the larger ones have a larger axis of 'OOSS. 
The vascular and somewhat compressed cylinder itself has a longer diameter of *022, and 
an uncompressed circular one belonging to a twig of about the same size as Plate XLI, 
fig. 1 has a diameter of *017. Pig. 4 represents a transverse section of one of these 
larger cylinders, drawn to the same scale as fig. 2. 

Vertical sections of specimens in this stage of growth reveal yet more distinctly the 
changes that have occurred. Plate XLI. fig. 6 represents such a section made across the 
shorter diameter of an example like fig. 1 ; figs. 6 & 7 are the radial sections of the bark 
of two other similar specimens. 

Plate XLI. fig. 5 reveals at a a slender column of very delicate cells elongated in the 
vertical direction ; these cells are obviously those of a rudimentary medulla. At d arc the 
■barred vessels of the vascular cylinder ; 7i, h is a cellular mass considerably disorganized, 
but of which we shall learn the true structure from other examples ; at ^ is a layer of 
elongated cells with oblique overlapping extremities, a true prosenchyma, the cells of 
which occasionally become so much elongated as to approach the general condition of 
bast-tissue "'‘S' whilst at i' the prosenchymatous cells gradually become broader and 
shorter, thus passing into a parenchyma (figs. 6 & 7, 7t), which usually forms the exterior 
of the plant, but which is not well represented in the specimen, fig. 6. I think there 
can be no doubt that the inner parenchymatous tissue (h) represents the middle 
cortical layer of my previous memoir, whilst i represents the outer bark, and Ic the e])i- 
dermal layer of the same memoir, but which latter may be more accurately termed the 
suhe^idermal layer. In the present instance li appears to be the innermost layer of the 
bark; but I have previously applied the term inner to a very delicate structure, found in 
some lolants (e. g. 8tigmaria), which I do not detect in the specimens under consideration. 
The distinctive features of the three layers of bark just. described are sufficiently obvious. 
The cells of the layer h are arranged in rather regular vertical columns, each column 
having a diameter of about *00022, the entire layer being about *0026 in thickness. 
These cells arc almost destroyed in fig. 5, but in figs. 6 & 7 their true aspect is well 
shown. They have square and not overlapping cxti’cmities. The longer ones are about 
*0008 in length, being about three times longer than broad, but in many of them length 
and breadth are about equal. The prosenchymatous layer (i) is thicker than the more 
internal parcnf.‘hymatous one, ivhilst tlie largest of its cells ai'e as much as *0025 in 
length, mingled, however, with numerous others of much smaller dimensions. The 
cells of tlie subopidermal or outer parenchyma (7^) are of the ordinary character, 

® Tlio use of this term is not intended to imply that the part of tho hark in which these elongated cells occur 
is homologous with tho liber of Dicotjiedonous stems, but that tho individual cells are similar to those to which 
tJio liber owes some of its chief peculiarities. 

2 Q 2 
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exhibiting a tendency to elongation in the surfaces of the leaves (Plate XLI. fig. 6, 1), 
I have had the utmost difiiculty in determining whether or not vascular bundles were 
prolonged into the leaves of these young Lepidodendroid branches ; I cannot find such 
in the smaller twigs, but I have detected them in two specimens rather larger than 
fig. 1 ; and in some others I trace vacant spaces in the leaves which, I doubt not, were 
occupied by similar bundles. In one transverse section, like fig. 1, I discover two small 
bundles at a little distance from the central cylinder. 

Various sections in my cabinet exhibit a gradual increase in the size of all the con- 
centric layers of tissue just described.. Plate XLI. fig. 8 is a transverse section of one 
of the larger vascular cylinders, drawn to the same scale as figs. 3 & 4. The cylinder in 
this instance is nearly uncompressed, and has a diameter of *0625, whilst the area 
occupied by the cellular medulla has attained to a diameter of *03. The barred vessels 
composing the cylinder have also undergone a corresponding increase in their dimen- 
sions, the largest of them having attained to a maximum diameter of *005. The 
expansion of the cylinder is but partly due to the increase in the size of the vessels. 
There has been a simultaneous increase in their number. In the three figures 3, 4, & 8, 
Plate XLI., every vessel in the respective sections has been copied -with geometric accu- 
racy, so that the drawings may be relied upon as correct transcripts of the sections. We 
find that in fig. 4 there are about eighty vessels in the entire cylinder ; in fig. 8 there 
are more than four times that number. It will also be observed that a large number 
of very small vessels is developed at the periphery of the cylinder, these being apparently 
the newest growths of the series. 

Plate XLV. figs. 31 & 32 represent the external aspect of the leaves at this stage of 
the plant’s growth. They are ovato-lanceolate, and very closely imbricated. The central 
longitudinal keel is more or less prominent, as is also shown to be the case in their 
transverse sections. I have found a few fragments in which this dorsal ridge is impressed 
with scN'eTal transverse indentations, as represented in fig. 32 : whether this condition 
represents a distinct species or a mere variety I am unable to say; at all events it is not 
the common form of these leaves. In their general habit these twigs closely resembled 
the Lijoojiodiim Saururus figured by B^^03^G^^ATtT*. Small as these leaves are in this 
young state, they gradually develop into thick scale-like structures, which ultimately 
attain to considerable dimensions. 


Tlie next step takes us to Plate XLII. fig. 9, where we find the plant assuming the 
form of the }'oung branch of a lJij)loa;^lon. The specimen represented is much com- 
pressed, so that the cellular medulla is obliterated, or nearly so. The tw^o inner sides of 
the vascular medullary cylinder n--.- jl--;. .'V :,r,. ( ..iitact. Tlio thickness of 

this cylinder, from its inner to i . - o i: or face, i.a.^ a.ouc *044, that of Plate XLI. 
fig. 8 having been about *014; hence Ave sec that this portion of the plant has here 
undergone a yet further increase in the number of its component vessels. But a lunv 
element now makes its appearance for the first time. The vascular medullary cyluidor 

* Tcgt't.'iiix Possilcs, tome ii. pi. i. iig, 1. 
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is closely invested by a second ring of barred vessels arranged in radiating lines, and 
the products of an exogenous process of growth. The thiclmess of this exogenous vas- 
cular zone, in the specimen under consideration, is about the same as that of the medul- 
lary one which it incloses. Each radiating line commences, at its inner extremity, at one 
of the very small vessels corresponding with those at the periphery of Plate XLI. fig. 8. 
From this starting-point new vessels have been added to the peripheral end of the line, 
as occurs in the case of the wood-cells of coniferous x^ants ; but here each succeeding 
vessel has been somewhat larger than the one preceding it, so that many of the outer- 
most ones of this cylinder have a mean diameter of *005. Each of the radiating rows 
consists of from thirteen to seventeen vessels. On making vertical sections of this spe- 
cimen new elements revealed themselves. Plate XLII. fig. 10 represents a small portion 
of a radial section crossing the two cylinders. To distinguish these latter from each 
other I will now employ terms used in my previous memoir, designating the inner one 
the medullary cylinder and the outermost the ligneous zone. In fig. 10 part of the 
former is represented by c and the latter by d. The drawing shows the gradual 
increase of size in the vessels of the ligneous zone as we proceed from within outwards. 
At d' we filnd the very small vessels from amongst which the radiating exogenous 
series originates ; and we now find that large and well-defined bundles of vessels (on) 
spring from the same series, but which curve rapidly outwards so as to x^i’oceed hori- 
zontally, and at right angles to their original course, to the periphery of the ligneous 
zone. These vessels are very small, not averaging more than *0006 hi diameter; but as 
considerable numbers of them are aggregated to form each bundle, the latter attains 
to conspicuous dimensions. That they are identical in character with those already 
noticed as observed in the young leaflets I have no doubt ; but it is also obvious that the 
bundles have now become very much enlarged, though no corresponding enlargement 
has taken place in the individual vessels. This increase in the size of the bundles is 
explained by the fact, that whilst in the sx)ecimen represented in Plate XLI. fig. 1 the 
largest leaflets are not more than •066 in diameter, in that under consideration (Plate 
XLII. fig. 9) they have expanded to more than double that size, or *12. Medullary rays 
also now make their appearance in the ligneous zone ; but as I propose to describe these 
more fully when spcalving of the matured stem, I will not dwell upon them now. The 
greater part of the bark has disappeared. from this specimen; all the inner x>arenchy- 
matous loycr is gone, i.uid most of the prosenchymatous one. All that remains consists 
of the pareiKjhyinaloLis subexuderm with its leaf-petioles (Plate XLII, fig. 9, 1), and with 
a small portion of the prosenchyma of the outer layer, ?, attached to its inner surface. 
In the transvei’se section the cells of the latter have now begun to assume the radiating 
linear xmsition which I described in my last memoir as so commonly characterizing this 
tissue amongst the Lepidodendroid plants. 

The specimen last described has obviously been a stem oj: branch, with a diameter of 
about 1^ inch ; but other examples in my cabinet lead us up from this one to stems of 
much larger size. 
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Plate XLII. j&g. 11 is a transverse section of a woody cylinder of a large stem. Cal- 
culating roughly the proportions which the vascular axis of fig. 9 has borne to the 
entire stem, I conclude that fig. 11 represents the vascular axis of a stem of about 
14 inches in diameter ; its central medulla has a mean diameter of about half an inch, 


whilst that of the entire vascular area is nearly an inch and a half. The medulla {a) 
is present, though considerably disturbed ; but sufiicient remains in a normal position to 
show that its cells were arranged in vertical columns, a disposition which is well illus- 
trated by another specimen in my cabinet to which I shall call attention. I pointed out 
in my last memoir that this disposition to a columnar arrangement of the medullary 
cells is a common feature amongst the Lepidodendroid plants. The medullary cylinder 
(c) is very narrow in proportion to the diameter of the stem, not averaging more than 
*055. The thickness of the ligneous zone (iZ), on the other hand, is fully half an inch. 
On one side the medullary cylinder has been detached from the ligneous zone and 
forced inwards into the pith by some force that must have acted through one of the 
two extremities of the specimen, since the ligneous zone is but slightly disturbed at its 
inner surface, and not in the least so externally. In this specimen the large vessels of 
the medullary cylinder have a mean diameter of *0075, a large increase upon the *0025, 
which was the maximum diameter in the young twig, Plate XLI. fig. 2. The great 
thickness of the ligneous zone is due to an enormous increase in the number of vessels 
in each radiating line, they having increased from the 13 to 17 of Plate XLIT. fig. 9 to 
from 84 to 100. There is not a corresponding increase in the diameter of these vessels I 
the more peripheral ones are actually smaller than those in the central parts of the 
woody zone. This may readily be accounted for. The latter have now attained to 


their maximum development, whilst the former, being younger, have not done so. 

Plate XLII. fig. 12 represents a tangential section of a portion of this ligneous 
zone, magnified 10 diameters. We here see the vascular bundles (wi) passing outwards 
to the leares, arranged in regular qm’ncuncial order. Pig. 13 exhibits a portion of 
fig. 12, enlarged 40 diameters: we here find that numerous medullary rays [f) pass 
trahvards between the biured vessels {c); these rays sometimes have hut from one to 
loni or live cells in each ^•ertical pile, hut in otlier instances their vertical extension is 
considerable. The cells of the rays have disappeared, but the spaces they occupied 
aic Avcll marked by the deep indentations which their prcssui;e has made upon the 
v,alls of the contiguous barred vessels, in radial sections of the stem these rays are 
seen inoceedmg towards the periphery horizontally (fig. 10, /), and as straight as if 
they had been drawn with the aid of a parallel ruler. Enough of their form can be 
ascertained to demonstrate that they consisted of the mural form of parenchyma. In 
the centre of fig. 13 we have one of the foliar vascular bundles (?n) passing outwards 
through a. lenticular space corresponding in all respects, save size, with a medullai*y 
ray. Like these latter appendages, the space not occupied by the vascular bundle 
was occupied by cells identical with those of the medullary rays ; and in many instances 
these lenticular spaces pass into and are continuous with true medullary rays. We 
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shall afterwards see, from the way in which these spaces are formed, that they do not 
differ in any essential respect, except in their size and in the number of their cells, 
from such true medullary rays. The vascular bundles {m) are of course divided trans- 
versely in these tangential sections, in which they exhibit a diameter of from *005 to 
*0075. Each bundle consists of a large number (rarely less than 100) of minute barred 
vessels, varying from *0006 to *0008. The origin of these bundles amongst the minute 
vessels which abound at the point of junction of the medullary cylinder and the ligneous 
zone has already been shown. In the Di/ploxylon originally described by Corda (Flora 
der Yorwelt, tab. x. fig. 3, and tab. ii. fig. 1) these bundles are represented as ascending 
obliquely upwards and outwards ; but in the j)lant before us such is not the case ; they 
wend their way outwards through the ligneous zone, as do also the medullary rays, in a 
perfectly horizontal plane. The second of Corda’s figures also represents them as 
originating abrujotly at the external surface of the medullary cylinder. Their real 
origin has been already shown in Plate XLII. fig. 10. Corda further describes his 
plant as having no medullary rays. This, as I have pointed out in my previous memoir, 
is also an error, and has arisen from the circumstances there indicated, viz. that in some 
species of JDi^loxylon the cells of the medullary rays are barred, which caused Corda to 
mistake them for true vessels. 

In other specimens of Bijyloxylon which I possess I find some variations from that just 
described, as well as some points which are more fully elucidated by them. In several 
examples the medullary cylinder is very much thicker than in others, in proportion 
to the diameter of the medulla. In some its thickness is as much as T2. One remark- 
ably fine example exhibits the true structure of the medulla ,* a vertical section of the 
medulla and medullary cylinder of this specimen is given in Plate XLII. fig. 14. The 
space between the letters « a is occupied by the cells of the medulla, which are arranged 
in vertical columns with a considerable approach to regularity, when undisturbed by 
pressure or mineralization. These columns have a mean diameter of *005 to *0075. 
Generally the cells are nearly cubical, allowance being made for the frequent obliquity 
of the transverse septa, one of which sometimes inclines upwards and the other down- 
wards at the two extremities of the same cell. Fig. 15 represents a small portion 
from a transverse section of the same specimen, illustrating the relations of the cuds of 
these columns of cells to the intersected vessels of the medullary cylinder. It will be 
seen that tlie cells (Ji) can only be distinguished by their colour and their thinner walls 
from the vessels (<?). The colour is due to the circumstance that one or both of the 
transverse cell-walls of each cell appeal' in the plane of the section, tbeir carbona- 
ceous substance giving a brown colour to the section where they exist. On the odicr 
hand, the vessels being long tubes filled with translucent carbonate of lime, transvci'se 


sections of tliem exhibit no such colour. The w'alls of the vessels also are more sharply 
defined and thicker, owing to the deposit of lignine forming the transverse bars in then- 
interior ; hut in every other respect of size and shape the tw'o exhibit no material dificr- 
ences. It is difiicult to believe that the very peculiar arrangement of the colls in vei'tical 
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piles of imiforni width, is not a result of the same polarizing tendencies in the primitive 
tissues as those which led the cells of the latter to arrange themselves in a similar 
manner to form the barred vessels. In the latter the conversion into vessels has been 
completed. In the former the cells remained unconverted; but they have not only 
retained the primary disposition to assume the columnar form, but the same tendency, 
reappears in all the new cells subsequently formed in the enlarging pith. 

^Vhilst the large specimens last described are almost invariably accompanied by some 
portion of their bark, which suiTounds them as a flattened cylinder, I have in rro one 
such instance obtained so perfect examples of this bark as in the specimen represented 
by Plate XLI. fig. 1 ; the tissue is usually limited to its outermost part, viz. to the sub- 
epidermal parenchyma and a small portion of the subjacent prosenchyma. The example 
Plate XLII. fig. 11 was so surrounded, a small portion of the bark being seen at i. 
Pig. 16“ represents a vertical section of a fragment of bark fi:om the same specimen; 
to the left of the figure we have the two tissues (i and 7r) just referred to, whilst at I 
are the persistent bases of the petioles, which remain in situ in this plant, as in Corda’s 
genus LomafopJiloios. In this figure, which represents the object of its natural size, 
the leaf-petioles are small, though larger than in the bark of fig. 9 ; but I have specimens 
in which they ai-e fully three times the size shown in fig. 11. Thus it will be seen 
that I have these leaves in every gradation of size, from the imperfectly formed one of 
Plate XLI. fig. 2, to large ones w’hich, though their extremities have been broken off, 
have their basal petioles five eighths of an inch in length. But though largo stems 
rarely have the bark in situ and in perfect condition, Mr. Grieve has sent me several 
large masses of it, so that it does not appear to be a scarce object. But it usually 
occurs in a remarkable state, being deeply fissured longitudinally, and partially broken 
up into long wedge-shaped masses, linked together at their broad bases — a probable 
result of desiccation. 


In the transverse section, that which appears to be identical with the inner parenchy- 
matous bark (A) of the young twigs merely appears as an ordinary form of , parenchyma; 
its usual aspect in radial sections is shown in Plate XLIII. fig. 16; it consists of innu- 
merable square cells, slightly elongated vertically, and cxliibiting some disposition towards 
au arrangement in perpendicular linos, reminding ns of what is seen in Plate XLI, 
figs. 6 & 7, Ji. The prosenchyniatous layer is easily identified with (he layer i in tlie two 
fignres just referred to. It; is very thick, and the cells vary in form, beijig sometimes 
much larger, as well as more fusiform, lhaii at others; whilst towards the exterior of tlie 
layer radial sections exhibit in a '\ ery marked mani.ier the arrangement of prismatic cells 
seen in Plato XLIII. fig. IT. These cells arc elongated vertically in a very reaular 
inainier, having a uniform diameter from end to end of about -0025. Their length varies 
greatly : sometimes, though not often, they are almost square ; at others they are so mucli 
elongated, especially at the outer portion of the layer, that they almost assuzne the form 
of vessels; but what gives them their remarkable appearance is the foct that clusters of 
them have exactly the same length, and are arranged in the same radial plane, causing 
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numerous straight lines of transverse cell-walls to traverse the section horizontally from 
within outwards, as shown in Plate XLIII. fig. 17, i. There is no doubt that the walls of 
the more tubular of these elongated cells are thickened by internal depositions of lignine, 
and that they thus assume the character of bast-tissues. I have already described thin- 
walled cells arranged in regular rows which, in outward form, closely resemble those of 
Plate XLIII. fig. 17, but occurring in the primary and secondary medullary rays of 
Calamites. The tissue is a very peculiar one. I have not succeeded in discovering any 
structure absolutely identical with it elsewhere than amongst these Carboniferous plants. 
I have already referred, both in my preceding memoir (Part II.) and in the present one, 
to the fact that transverse sections of this prosenchymatous layer of the bark exhibit the 
cells arranged in regular radiating lines proceeding from Tvithin outward, as in the wood 
of the Coniferse. On seeing such sections, it is difficult to -resist the impression that we 
areTooking at true vascular tissues. 

The subepidermal layer differs in no material respect from that of the young twigs, 
being composed of ordinary parenchyma. The same remark applies to the structure 
of the persistent petioles, except that in transverse sections of the latter we find the 
position of the central vascular bundle very distinctly marked, as in the scars of the 
ordinary Lepidodendra. It will be remembered that this was not the case with the 
leaflets of the smallest twigs. Plate XLIII. fig. 18 represents part of a tangential section 
of a cluster of these petioles made close to the subepidermal layer of bark. In their 
disposition and general aspect they remind us vividly of a similar section of Coeda’s 
Lomatoidiloios crassicaule^ figured by him in his ‘Flora dcr Vorwelf'*’. 

Having thus completed our review of the ordinary structure of these stems, I would 
next direct attention to some peculiarities connected with their growth. 

In preparing my sections, on one or two occasions I met with small, detached, medul- 
lary cylinders corresponding in all respects with those of the young twigs, only instead 
of being perfect rings of vessels, they were interrupted on one side, giving the transverse 
section .of each the form of a horseshoe. I was long before I succeeded in discovering 
what this meant. It was obviously a medullary cylinder, and I at length obtained 
specimens which explained its nature, ^^^leiione of tlie -stems is about to dichotomize, 
the centml vascular cylinder first bccorae.s elongated laterally in the plane of the 
approacliing bifurcation; it tlien splits into two halves, each ot wliichis, of course, open 
at its inner side. Plate XLIII. fig, 19 represents tlie centre of one of these specimens, 
belonging to a twig of about the same size ns Plato XLI. fig. 1. What takes place 
subsequently is uncertain ; but there is reason to believe that the opening tlius made 
into the interior of the medullary cylinder, bringing the medullary aud cortical tis-sues 
into direct contact, never closes tlirough any growth of ne^v medullar}/ vessels. I am 
confirmed in this opinion by the fine section shown in Plate XJ JII. fig. 20, which 
reveals similar conditions, only in this example the plant has attained to the DijjJoscylon 
stage of growth, having developed an ample exogenous cylinder externally to the nieclul- 

» Taf. 1. fig. 1. 
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laiy one. In the minute details of its structure this plant ditfers in no respect from 
those already described. But we here see that whilst nature has made no attempt to 
reclose the vascular cylinder (<?) and again separate the pith (a) from the bark by means 
of the medullary vessels, she has endeavoured to accomplish the same process, though 
not yet effectually, through the instrumentality of the exogenous ligneous zone (d). In 
each of the divisions this exogenous zone overlaps the two free central margins of the 
medullary one, thus gradually filling up the gap between them. I doubt not that even- 
tually such a closure of the vascular ring and isolation of the medullary area would 
become complete. I presume, from the comparative rarity of specimens with these 
open vascular cylinders, that after a growing branch had bifurcated, the buds of the two 
growing twigs have developed their medullary cylinders in the usual way, and that the 
imperfection of the cylindrical ring is confined to the neighbourhood of point of dicho- 
tomization. I have not met with an open ring in a single branch, save when it had 
obviously been ruptured by violence. The specimen (Plate XLIII. fig. 20) is enclosed 
within the usual cylinder of bark (i). 

The last subject brings us to another one on which my views have been criticised by 
some botanists for whose attainments I have the greatest respect, but who have not 
had the advantage of being able to study the large series of specimens which my cabinet 
contains. In both my previous memoirs I expressed my conviction that both in 
Calamites and in the Lepidodendroid plants the peculiarities of their structure could 
only be explained by the recognition of an exogenous mode of growth by which these 
peculiar features had been produced*. My more recent researches have still further 
strengthened these convictions ; so much so, indeed, as not to leave a shadow of a doubt 
on my own mind as to the correctness of my conclusions on this subject. The specimens 
represented in Plate XLIII, fig. 20 and Plate XLII. fig. 11, especially the former of the 
two, afford striking illustrations of this process of growth. The cylinder in the upper half 
of the former figure exhibits no unusual peculiarity ; but the lower one is surrounded 
by a remaikable zone of half-developed vessels (il'), which is evidently of newer formation 
than the rest of the ligneous zone, and which I can only explain by the assumption tliat 
it is the product of some equivalent of a cambium-layer. Plate XLIII. fig. 21 1’cprcseiits 
a portion of the exterior of the ligneous zone (iZ), with its radiating lines of ’s’essels (<?) 
separated by medullary rays (/). Externally to these tissues, we have at c' a new zone 


3Iy viows upon this qnostion excited so strong an opposition in some (piartors, 1 invited Professor 

Etcicpox, of Glasgo-w, to visit me for tlic purpose of esaminiog my specimens and giving inc his opinion of them. 
He Icindly authorizes mo to publish the foUomng significant extract from a let ter just reccLvcd from him, dutocl 
Hareh 1 « , lb/2 : “ Having examined your sections of stems of jUijplocaj/lQn showing tlie outermost woody tuljos 

to be of distiiioily smaller calibre than the more internal ones, as w'ell as setiions of a. scries of stems of the 
same, fioin small to large, affording constriictivo evidence of a progressive increase of the W'cdgc-Llcc woodj? 
plates, I have no Lesitfilion in expressing my belief in a truly exogenous growth in tliis plant ; and I eonsidcr 
that yon are quite justified in applying the terms ‘ medulla,’ ‘ woody zone,’ ‘ medullar}" rays,’ and ‘ bark ’ to its 

parts, as con-espondiug more or less perfectly to analogous parts in the Dicotvlcdonoiis Rtcm.” — March 19 
1872. 



OP THE POSSIL PLANTS OP THE COAL-MEASHEES. 


293 


in process of development ; it consists of numerous masses of small vessels arranged, in 
the transverse section, in a radiating direction, but of which the lines have not yet 
assumed the orderly disposition that characterizes them when fully developed. Between 
these vascular laminae are cellular masses (/'), the positions and structure of which 
obviously show that they are destined to become prolongations of the medullary 
rays (/). Plate XLIII. fig. 22 represents part of a tangential section of the new tissue 
(fig. 21, e', /'), which is very instructive. The right-hand portion of the section dips 
more deeply into the specimen than that to the left ; the latter consequently exhibits the 
more peripheral aspect of the structure. In the former the vessels are becoming closely 
arranged, and the medullary rays (/'), though still much more enlarged and containing 
more cells than characterize the matured rays of the woody zone, are comparatively 
circumscribed ; but in the more peripheral part the vessels (e") are more widely sepa- 
rated, meandering through large cellular masses (/"), which are scarcely, if at all, distin- 
guishable from the contiguous parenchymatous bark-cells. These young vessels have a 
diameter of from *0025 to ‘0012, whilst the transverse bars on their walls are from *0003 
to *0002 apart. In the matured vessels w6 have a diameter of from "005 to *0024, whilst 
the bars are from *0008 to *00035 apart. The comparison of these figures demonstrates 
that the young vessels under consideration are but half-developed in either direction ; both 
in their diameter and in the longitudinal separation of their bars of lignine they must have 
attained to double their present dimensions before they corresponded with those of the 
matured ligneous cylinder which they invest. At this early stage of their growth the 
walls of these vessels exhibit a crenulated outline, the indentations being caused by the 
pressure of the contiguous cells upon the half-plastic tissues. This feature disappears 
as the vessels swell to their full dimensions and are brought into mutual contact by the 
absorption of the cells which temporarily separate them ; but it is permanently main- 
tained where the vessels are in contact with the medullary rays. I have not been able 
:to identify any of the cellular structures that surround them with true cambium-cells : 
though exceedingly delicate they have the aspect of formed tissues ; but there is not 
the slightest room for doubting that both cells and vessels are younger tluin those of 
the ligneous zone which they enclose, or that they are the products of an exogenous 
growth in which the Xylem of the German botanists is represented, wiiilst the FhVoem is 
•absent*. 


I have called attention to the break in the continuity of the medullary cylimicrs of 
Plate XlAil. fig. 20, tlivough whicli a direct comnuiniciuioji is established between the 
cells of the medulla and those of the bark. The equivalent of the cambium has bent 
round tlie tu'o inner horns of the crescent-shaped medullary cylinder and formed the 


*■ I may oliscvvc here that since my hist memoir was written I have obtained specimens of Btiymana win'ch 
exhibit conditions very similar lo those of tlie example of Diphxijhn just described, but iii M’hich the growth of 
the new vessels is rather mo7-o advanced. I liave noticed that in Stigmarla the additional growths are I'arely 
made in complete circles, hut rather in layers having crescentic transverse sections ; I have found the same 
conditions in some other plants from the Coal-measures yet to bo described. 

2 n 2 
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new yessels in the open space between them, thus obviously being instrumental in 
repairing the breach in the continuity of the cylinder and closing it up by a succession 
of exogenous additions. It has not completely effected this object in the specimen 
under consideration, but apparently would have done so in the course of time had the 
plant survived sufficiently long for the purpose. Another remarkable circumstance 
appears in the fact that the two ligneous axes, though growing within the same stem, 
are not growing in equal ratios. Thus that to the lower part of Plate XLIII. fig. 20 is 
invested by the new layer just described, showing that in it an additional growth was 
progressing through the agency of some representative of a cambium-layer ; but in the 
twin axis above no such addition is in progress. I presume we can only infer from this 
fact that at the particular moment when the living plant was destroyed the former 
branch was pushing forward in a more active manner than the latter one — a condition 
common enough amongst recent plants, in which one Lycopodiaceous shoot takes the 
lead, whilst others are comparatively quiescent. 

At the outset of my study of the Bmmtisland beds my attention was arrested by the 

prevalence, em'y fragment of the stratum, of broken-up cellular sporangia, indicating 

the former existence of very numerous spore-bearing fruits ; I also met with immense 

numbers of the remarkable bodies represented in Plate XLIV. fig. 27, and which 

appeared to me to be caudate macropores. The abundance of these two objects led 

me, on visting Burntisland, under the guidance of Mr. Giueve, to make special search 

for LejgidostroU, which we soon succeeded in discovering, and at a more recent period 

Mr, Geieve has forwarded me additional specimens. They are all of one species, which 

fact is important, since it leaves little, if any, room for doubting that they belong to the 

same Lepidodendroid plant as that whose stems and branches constitute the great maSs 

« 

of the deposit. 

The general aspect of longitudinal sections of these strobili is that common to 
(Jofifrohi They usually Iiave a diameter of from less than half an inch to nearly an inch ; 
each sporangiiiin extends from the central axis to the periphery, exhibiting in the longi- 
tudinal sections the form, so prevalent amongst these fruits, of an oblong parallelogi-am. 
In one of these sections now before me I count sixteen vertically disposed sporangia in 
an inch of the lengtli of the Lejildostrcibun. These dimensions approxiiuiite closely to 
liiose of the beautiful cone from Buidiehousc figured by Mr. BiXiNey'^. Plate XITV. 
tig. 23 represents a transverse section of one of these cones. The central axis (s) in tins 
specimen is imperfect, its cenlral vascular bundles having partly disappeared ; but there 
remains a thick and well-defined cortical layer composed of elongated forms of parenchrnna 
approaching the proseuchyiniitous type, and identical with what we find in the external 


portions of some of the Lepidodendroid leaves. From this central axis are gh en off’ thick 
and robust cylindrical scales or bracts (t), consisting of a similar tissue to that of the 
cortex ; they spring from the central axis in the usual spiral order common amongst the 


* “ Olisorvalions on the .Striicturo of Fossil Plants found in the CaT-boiiiforous Strain. — Part 2. Lejpidosin.lus 
and soTuc: allied Cones,*' by Pii-.vnv, F.E.S., F.G.S. (Palocontographicul Socioly, IsTl), pi. x. fig. 20. 
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Lycopocliaceee, having a thickness at their respective bases of about *022 ; but they soon 
subdivide into smaller branches, which generally proceed to diiferent sporangia. Though 
the latter are very much more numerous than the primary bracts, each sporangium rests 
upon its own special branch of a bract. The sporangia [u) exhibit in this section a wedge 
shape. The small peripheral sporangia (^^') seen in the figure are merely the tips of 
the next contiguous ones rising up from below, in consequence of their slightly oblique 
and ascending plane not corresponding with the horizontal one of the section. Plate 
XLIV. fig. 24 is a tangential section of another specimen, which exhibits the oblique 
spiral arrangement of the sporangia characterizing the taxis of these fruits. At t we 
have the free extremities of the subdivided bracts. Pig. 25 represents a small portion 
of fig. 24 more highly magnified, and exhibits with remarkable clearness the shape of 
the subdivided bracts, and the way in which the latter are attached to their respective 
sporangia. The perfect sporangium (u) occupying the centre of this figure may be 
accepted as a type of the structure of these organs and of their relations to the bracts. 
Each sporangium is enclosed in a cellular sporangium-wall (y), which, when viewed 
superficially, appears composed of ordinary parenchyma, but when seen in section 
exhibits these cells elongated vertically, the structure closely resembling a corresponding 
section of a piece of honeycomb. Sometimes one cell extends from surface to surface, 
at others two cells of equal diameters are piled linearly upon each other. The average 
thickness of these sporangium-walls is *0075. The shape of the transverse sections of 
the secondary bracts is shown in the three dark-coloured objects (fig. 25, Q, especially in 
that supporting the central sporangium. The upper surface is rounded and prominent, 
fitting into a corresponding depression in the under surface of the sporangium. On each 
side of this the bract spreads out into a thin horizontal expansion, concave superiorly ; at 
its inferior siuface a deep thin keel runs along the entire length of the bract and dips down 
between the two contiguous sporangia of the series immediately below, as if designed to 
steady the several segments of the strobilus. Erom the interior of the raised dorsal surface 
a similar but smaller and thinner vertical lamina rises, the upper part of which ascends 
into the sporangium and is imbedded amongst the spores ; its uppermost margin is bifid, 
the two diverging parts being recurved in opposite directions outwards and doTtmwards. 
This ascending portion, obviously the true sporangiophore, is of so delicate a texture, 
especially at its upper part, that it can only be distinguished from, the suvvo unding spores 
by its denser aspect. The delicate lines t' in fig. 23, which appear as continuations 
of the large bracts, are longitudinal prolongations of the same siDoraugiophorcs, which 
appear to be coextensive with the entire length of the sporangium. The sporan- 
gium-wall is inserted into the bract close to the base and at each side of the sporangio- 
phorc. It first arches upwards as it approaches the latter organ, and then, suddenly 
descending, it plunges vertically into tlie bract, with the parenchyma of which its own 
cells become intermingled. It thus appears that each sporangium is not only sustained 
by its own bract, but is united to that bract throughout its entire length in the firmest 
manner. I have not been able to ascertain the actual forms of the peripheral extremities 
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of the bracts. In eyery instance they have been too much disorganized to display their 
true contours ; but both figures 23 & 24, Plate XLIV show that they are prolonged so 
as to form a thi-n investment to the exterior of the strobilus. 

The sporangia of the upper part of this fruit are densely filled with innumerable 
micrpspores, whose mean diameter is about *0007. Sometimes they are tetrapartite 
(Plate XLV. fig. 26, w), and at others tripartite (fig. 26, w'). In the lower part of the 
strobilus the sporangia are occupied by the remarkable macrospores represented in 
Plate XLIV. fig. 27, ss*. These vary considerably in their form, owing to pressure or 
shrivelling; but they appear to have been more or less spherical. The one figured, 
the length of which exceeds its breadth, has a longer diameter of about -027 ; and 
from this to *05 appears to have been nearly the average size of these objects. The 
characteristic peculiarity of these macrospores is the projection from every part of their 
external surfaces of numerous caudate appendages, and which appear to be actual pro- 
longations of the investing layer of the spore. These appendages vary in length from 
*003 to *0055, whilst their diameter is about *0006. They are rather thicker at their 
bases than nearer their extremities ; but the extreme tip of each one is slightly capitate. 
They have evidently been very flexible, since they are twisted into varied positions. 1 
detect in them nothing resembling elaters, their texture, like that of the external sporc^- 
wall, being perfectly homogeneous. When the strobilus is viewed either by transmitted 
or by reflected light, all the spores, whether large or small, appear of a rich brown colour, 
a condition w^hich has been noticed by Mr. Bikney and Professor Moeeis as characterizing 
certain spores which have come under their observationf. I have not succeeded in dis- 
covering any structure in the interior of these objects. I have only obtained these macro- 
spores in actual connexion with two strobili. In one they occupy the lower i)art of the 
fruit as already described, four sporangia of which fruit are represented in Plate XLIV. 
fig. 28. It will be seen from the latter figure that most of these spores (w) are torn and 
distorted. In another fruit the numerous shrivelled sporangia remain ; but they have all 
shed their macrospores, with the exception of three, the spores ofw'liich closciy resemble 
those shown in fig. 2S. In all these examples the rich brown colour resides hi the 
spore-wall, and not in its contents, whatever those may have been. 


That wc ha\c in this fruit a new example of that remarkable class of fossil strobili 
to which attention was first called by Bobeet Bkowx and Professor BjiO]S’G^’'IAEt is 


obvious ; and I think the reasons I have ukeady given justify me in connecting it wnth 
the stem.s and branches with Avhich I find it associated. Xo plant of the Lepidodendroid 
family occurs in tlie deposit other than those which I have described, save one or two small 
fragments of a l.cpidodendroid hark of the ordinary type, and which very possibly belong 
to the low'ermost parts of the stems now’* described. In many recent Cycads we find that, 
immediately below the cluster of perfect leaves, w'e have a considerable part of the stem 


* la this figure the macrospore (.u) and tke mierospores (w) are drawn to tlio same scale, showing their 
relative sizes. 

t Enraray's « OhservaiionB on the Structure of Eossil Plants, &c.,” part ii. pp. 44 & 45. 
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retaining the bases of the petioles after the fronds have fallen ; whilst yet lower down 
on the stem these petioles have disappeared, revealing characteristic lozenge-shaped scars, 
rendered visible less by the disarticulation of the petioles than by a process of weathering 
which has disintegrated them down to the level of the cortical layer. It appears to me 
exceedingly possible that similar phenomena may have occurred in the case of the plants 
under consideration. In the few fragments of true Lepidodendroid scars which I have 
met with these scars are long and narrow, corresponding very closely with what I observe 
on some of the smaller twigs described, from which the leaves have become accidentally 
detached. These circumstances combine to remove all doubt as to the relationship 
subsisting between the stems and branches described in the earlier part of this memoir 
and the strobilus last considered : either as fragments of sporangia and detached spores 
on the one hand, or as leaves and portions of stems and branches on the other, the two 
classes of vegetative and reproductive organs are represented in every square inch of the 
rock I have examined ; and as every strobilus which I have obtained is of one species? 
and that one identical with the innumerable distinctive macrospores referred to, it appears 
to me that we have every proof of their identity that palaeontology can furnish, unless 
we could discover the tree in its integrity, which is impossible. 

I have stated that the central axes of these strobili are commonly imperfect. In one 
of them we have the usual central bundle of barred vessels partly preserved ; but I 
have obtained one larger specimen, represented in Plate XLIV, figs. 20 & 30, which I 
think may possibly belong to the same fruit. If so, it has been part of the base of 
the axis of a somewhat larger strobilus than those described. Fig. 29 represents a 
transverse section of it, in which is seen a central star-shaped cluster of barred vessels 
(s), surrounded by a vacant space from which delicate cellular tissue, corresponding 
with the inner or middle bark of the Lepidodendroid twigs, has doubtless disappeared. 
External to this is a thick cortical layer of parenchymatous and prosenchymatous tissue, 
the peripheral portion of which has broken up into thick divergent bracts, each of which 
has again divided into secondary ones, as described in the preceding pages. This diver- 
gence is demonstrated by the subdivisions of the vascular bundles seen at H. On 
turning to the longitudinal section (fig. 30) we see that the vascular bundles of the 
bracts have, as was to be expected, sprimg from the central axis (s) at s', and after 
traversing the ch’ar area (g) have proceeded upwards and outwards through the tliick 
cortex, as shown by the numerous vacant spaces [m) from which the vessels have 
disappcai’cd. Poriplierally the bark breaks up into main or primary bracts, which 
again subdivide, as in the transverse section, into secondary ones, demonstrating that 
each primary bract does not merely dichotomize but subdivides, both horizontally and 
verti(jally, into a cluster of bracts — a condition corresponding with what I have already 
observed in the smaller strobili described. The external surface of the central vascular 
axis {s) has evidently been deeply sulcated longitudinally, the vascular bundles having 
sprung from the intermediate ridges. In the transverse section the vessels of the outer- 
most portions of these ridges exhibit a radiating arrangement, as if the axis had made a 
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slight effort to strengthen its buttresses by exogenous additions to their exteriors. In 
tangential sections of the cortical layer the vascular bundles exhibit the regular arrange- 
ment characterizing the taxis of all Lepidodendroid stems. 

Before attempting to draw any general conclusions from the preceding facts, I would call 
attention to two interesting modifications of the same Lepidodendroid type that have 
recently come under my notice. One of these, represented in Plate XLV. figs. 33 & 34, 1 
found in one of the Oldham nodules ; the other is in' the cabinet of Mr. Nield, of Oldham. 

Plate XLV. fig, 38 represents a transverse section of the first of these plants ; it is a 
young Lepidodendroid shoot a little more advanced in growth than Plate XLI. fig. 1 ; 
in other respects the general appearances of the two closely correspond. The chief 
difference lies in the centre of the medullary axis, which in Plate XLV. fig. 33 is 
very large and well defined. On turning to the longitudinal section of the medullary 
cylinder (fig. 34) we see that this medulla (a) is a cellular structure ; but instead of 
the cells being nearly cubical, they are elongated vertically and almost fusiform ; still 
they retain much of the disposition to arrange themselves in vertical columns that is so 
common a feature of the Lepidodendroid plants. Mr. Nield’s plant, represented in 
fig. 35, is a very different one; its central axis is of the usual type, consisting of a 
medullary vascular cylinder (c) enclosing a cellular medulla ; but whilst the latter is 
very small, approximating to the condition of Plate XLI. fig. 4, the former is com- 
paratively large, being composed of very numerous vessels of nearly uniform size. The 
most remarkable feature of the plant is seen in the largo size of the bases of the 
leaves (1), which must have approximated in form to thick scales. They are composed 
of the usual slightly elongated parenchyma. Unfortunately the importance of this 
remarkable specimen was not appreciated when it was found, and I have seen no vertical 
section that was made from it ; hence I am ignorant of the shape which the leaves assumed 
in a vortical direction. The maximum diameter of the transverse section is nearly three 
quarters of an 


* It, appears tliat Mr. ■RT.-TTF.asvoMTt prcpiirod oi-hor sections oi; i.hc above spoeiiucii, wliicli lie roooutly sold, 
througli Mr. C.viini:i’io:iis. to the Trustees of live firitisli IMr. rjAituvriujiis lias (lescrilx'd tlu.-so spoci- 

nnms in a paper ivliieb ho read before the Loyal Iilicroacopic Soi-ioty since the ubovr; du.sfii‘i])i::oMH were penned. 
In ibis paper lie describes tlie vascular lucdullavy cylinder, but does not refer to the I’acaiit .sipace iu the eeutre 
of his o\ni figure, wlik-li I Ijelicve rvas originally occupied by inednlliiry i;ellnlav lipsne. I tliiiilc that Uic section 
which I have represented in Plato XLV. fig. 3-3 displays iudicatioiw of this eollnlar medulla. Spcaldiig of Iho 
cylinder, Ifr. CAinirriiuns says, “Professor WreuAxsov, iu liis rcoont invesligatLons into thc°orgaui.- 
zation of Lexmlohmlmi, proposes to call this axis a medulla.” This is certainly jiot. an exact rcprescutatiou of 
the idea put forth in my last paper; I spoke of thn vessels iu tlic centre oi Lei)idoLhndroti Mlaniuoldos, Vilicrc 
iJiaj ar^mtennUf/M wltl. e.clhdar Ihsuc, as hclonging to a wedidlur^/ a.v{s iu cuntiudistiuciiou to tl'.o cxogonovis 
rij’.g which enclosed them, and I tiicii proceeded to shoM' how, in other species, these vessels receded from tlic 
centre to the penphery of that medullary axis, where they formed in cvoiy Lepidodendroid plant, ('xeo2)!: 
L. spkffjinoidcs, a distinct cyliudcr, and which I dcserihccl not os a medvUa, but as being liomologous with, i/u- 
medulluru sheath of the higher Exogons, which is a very different thing. The true medulla is tlio cellular 
clement. .Ul- my subsoJiuent researches have tended to confirm these views. I never doubted for a moment 
that these axial vessels reprcscatcd the vascular bundles of living Lycopods. 
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If I have correctly interpreted the facts just described, and I believe I have done 
so, the life-history of this plant throws an important light upon many of those described 
in the last, or second, of this series of memoirs. How far the numerous planjcs there 
referred to may prove to be different states of a few species is not easy to determine, 
because we do not obtain them in that condition of stratigraphical isolation which has 
afforded such an important help in the case of the Burntisland examples. In that memoir 
I pointed out how closely some of the Lepidodendroid forms resembled Coeda’s Di^loxylon^ 
and how the absorption of the cellular medulla of some of them would actually convert 
them into examples of the latter genus. It is necessary to remember that hitherto none 
of the authors who have written on Bifloxylon have seen either its pith or its bark. 
The last description of Dijyloxylon published, so far as I am aware, with the exception of 
my own memoir, was that by Mr. BurNEY, who says of his specimen, “ although it shows 
the so-called medullary sheath in a very perfect state, there is nothing to indicate the 
former existence of a pith of cellular tissue”* * * § ; and he adds, “the part which remains 
undisturbed shows that the whole of the central axis was formerly composed of hexa- 
gonal vessels arranged without order “ this view is confirmed by another and more 
perfect specimen of Andbathra in my cabinet, and enables me to speak with positive 
certainty, and to show that these plants had a similar structure in the central axes to 
the specimens of Sigillaria mscularis described by me in my paper published in the 
Quarterly Journal of the Geological Society ”f. 

Considering the imperfection of the materials at his disposal, no more discriminating 
account of these plants has been published than is contained in Professor King’s memoir 
entitled “ Contributions towards establishing the general characters of the genus Sigil- 
land^%. In this memoir the author examines carefully the Anahatlira of Witham, which 
is a true Diploxylon^ and concludes that it is undoubtedly a Dicotyledonous plant ; but 
notwithstanding this mistake he correctly points out some of the features in which the 
genus approximates Lepidodeoidron, quoting Brongniaet’s suggestion as to the possibility 
of Di^loxylon being the stem and Lejgidodendrqn the branches of the same type of tree. 
With equal accuracy Professor King insists upon the truth, recently challenged by 
some of our younger botanists, that the vascular medullary cylinder and the exogenous 
ligneous zone are independent systems. 

In my previous memoir I also called attention to some of the observations of Brong- 
NIART and CoRDA on Dijgloxylon^ especially to an error into which the latter writer fell 
when he determined that no medullary rays existed in this genus. At the same time I 
explained the source of Corda’s mistake, viz. his ignorance of the fact that the medul- 
lary rays of these plants sometimes consist of scahiriform cells, but which he mistook for 
vessels §. Brongniart has made this supposed absence of medullary rays (which he only 

* On some Lowor-Coal-scam Fossil Plants,” PhilosopMcal Transactions; 1865, p. 584. 

t Log. di. p. 584. 

4: Edinburgh New Philosopliical Journal, No. 71. 

§ It is an interesting circumstance that I have recently obtainel from the Oldham Coal-measures a Btigma- 
MDCCCLXXII. 2 S 
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accepts on Coeda’S anthority) one of his distinctions between Biploxylon and Stgtllana ; 
but this distinction must now be abandoned as non-existent. Witham had described 
the large openings represented in my figures 12 & 13, ???-, Plate XLII. of the present 
memoir as meduHaiy rays. Professor KmG, on the other hand, correctly discerned that 
these openings transmitted foliar bundles, also recording his conviction that the vacant 
spaces surrounding the bundles had probably contained cellular tissue, which I have now 
proved to be the case. 

But, relying upon Lindley’s declaration that no vascular tissue was ever found in a 
medullary ray, he denied the correctness of W ithaii’s application of the term to the 
spaces in question. Mr. Binnet, referring to this subject, does not speak very definitely. 
He says that his specimen “distinctly confirms Witham’s opinion as to the occurrence 
of medullary rays or 'bundles dividing the woody cylinder”* ; but he does not define what 
he means by bundles. At p. 600 of the same memoir he again speaks of “ medullary 
rays or bundles of barred vessels,” from which I infer that bundles of vessels are also 
referred to in the previous sentence. So far as I can ascertain, none of those observers 
who preceded me have distinctly recognized the true secondary medullary rays described 
both in this memoh and in the preceding one. 

BEOXGmET, COEDA, and King agree in considering the Diploxylons to be Gymno- 
spermous Exogens, associating them in that great group with the true Sigillariic. 

I think the facts now published finally settle this primary question. It being admitted 
by all authors that the Lepidodendra are Cryptogams, the Diploxylons can no longer 
be regarded by any one as Gymnospermous Exogens ; and as the close identity of Beonq- 
eiaet’s Sigillana elegans with Biploxylon is equally obvious, we must accej)t the entire 
group asLycopodiaceous. Dr. Dawsof, in his recent memoir on Slgillaria^^ arrives at 
a different conclusion; but whatever maybe the case with Transatlantic specimens, there 
is not the slightest room for doubt about our European ones : they are all modifications 
of the Lepidodendroid type. The distinction drawn by Beongistart between the Slgil- 
Icmm which have medullary rays and the LepUlodeedra which have not, I have now shown 
to be merely due to difference of age. In its young state the Burntisland Biploxylon 
is an ordinary form of Lepidodendvon. A,s it develops it passes through successive stagcjs 
of growth, all of which appear to be more or less ^Dermanently represented amongst other 
matured Lepidodendra, though within what limits has yet to be ascertained, since, as I 
have already suggested, some of the forms described in my last memoir may be parts of the 
same plant at different ages, though in several of the examples there described this is 
certainly not the case. Long before attaining to the dimensions and stage of growth in 

not, identical in every other respect with S.fieoides, hut in which the medullary rays are similarly composed of 
soalariform cells. Eemembering the fact that a DipJoxyTon Irora the same locality,* which I doscrihod under 
Gokda^s name of D. cycadeoides, possessed the same features, the question arises, how fur may those similarly 
constructed plants have borne the mutual relations of root and stem? 
ioc, ci^. p. 583. 

. , t ^Tiarterly Journal of the Geological Society, May 1871. 
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which it becomes a true Di^loxylm, this plant possesses a well-defined cellular pith. Its 
central axis is oiot composed of bundles of vessels, but of vertical piles of true cells. As 
soon as the outer ligneous cylinder makes its appearance, true medullary rays also pre- 
sent themselves. Simultaneous with the formation of these true medullary rays is that 
of my primary rays, or cellular spaces through which the vascular foliar bundles pass 
outwards through the ligneous zone, and which differ from the others in no respect, 
either of structure or of origin, save in the circumstances that they are larger and that 
the foliar bundles are lodged within them. The specimen from which Plate XLIII. 
fig. 22 is taken clearly proves this. The vascular bundles proceeding from the interior 
of the ligneous zone to the leaves, when once formed, evidently became permanent struc- 
tures, undergoing neither increase nor diminution of number ; but as the diameter of 
the stem steadily increased, these bundles obviously became lengthened, by some process 
as yet unascertained, so as to accommodate themselves to the altered dimensions of the 
tree, especially of its bark. It follows that when the pseudo-cambium-layer commenced 
its work of producing new vessels, which were added exogenously to the exterior of the 
preexisting vascular cylinder, it was penetrated by these leaf-bundles, and the arrange- 
ment of the newly formed vessels was modified by their preexistence. On studying these 
tissues in the original of Plate XLIII. fig. 22, where the arrangements of the new 
growths are very distinct, no essential difference can be observed between those inter- 
vascular areas filled with cells through which a vascular bundle passes, and which are 
destined to become "what I have designated primary medullary rays, and those which 
ultimately assume smaller dimensions and become secondary ones. It appears to me 
that as the new, longitudinally arranged vessels of the young growth increased in size, 
the intermediate cellular tissue seen in Plate XLIII. fig. 22 was gradually absorbed to 
make room, for them. In the secondary medullary rays this absorption was carried so 
far, in consequence of the pressure occasioned by the steady growth of the vessels, that 
nearly all the cells disappeared ; whereas in the primary rays, where a vascular foliar 
bundle interposed between two adjacent enlarging vessels, the bundle resisted their 
pressure, protecti]ig the cells immediately above and below it from its effects. IIciico 
a lenticular space Avas left permanently occupied by unabsorbed cells; but at the uppe]- 
and lower anghjs of this space it contracts to the dimensions of tlie true secondary 
medullary rays. If this explanation is correct, it establishes my conclusion that these 
large spaces, seen in Plate XLTI. figs. 12 & IS, m, are but modified medullary rays, and 
that they are so modified, not for the purpose of transmitting the vascular foliar bundles, 
but as an effect of their presence, which is a very different thing. 

In my last memoir I called attention to the fact that the foliar bundles originated 
from the line of junction between the vascidar medullary cylinder and the ligneous zone*. 


* r have to covi’cet :ni ovro]* info wliidi I fell on this ])oint in the text of my previous memoir. I Juul clearly 
ascertained tlnit tlie foliar Imndlos from small ve.ssels occupying the pliinc Avherc the outer siirfiioc of the 

vasc.uhir mcilulliuy cylinder and the inner one of the ligneous zone 'svero in contact, and I ramc to tiie con- 
clusion that they hclongcd io the latTcr railicr than to the former ; but T nov see that tliis a ini.st!ihe. 

2 s 2 
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This statement is confirmed by my more recent researches, as is also another observation 
made in the same memoir, viz. that the cremdated outline described by Brongniart 
and Binnet as characterizing the line of junction between the vascular medullary 
cylinder and ligneous zones of SigillciHa and JUi^loxylwi is not a constant feature in the 
latter genus. In the variety which I described under the name of Di^loxylon cyoor 
deoideum, believing it to be identical with Corda’s plant so named, I pointed out, as 
already stated, that the cells of the medullary rays had a barred or scalariform structure ; 
and I showed how these cells started from an interrupted layer of similar ones located 
between the inner and outer vascular cylinders. Nothing of the latter kind exists in 
the plant now described. The cells of the medullary rays have very thin and delicate 
walls, differing but little, save in form, from those of the innemost bark, with which 
latter those of the outermost extremities of the medullary rays become actually merged. 
The exogenous growth of the ligneous zone which 1 have so long recognized, but which 
has been objected to by some botanists, is now more clearly demonstrated than before. 
Decided as were my previous convictions on this point, they have received fresh strength, 
so that I am less than ever inclined to abandon them. We have in these plants the 
three distinct tissues of pith, wood, and bark, in addition to the vascular medullary 
cylinder, which latter I am still inclined to suspect may typically represent the medullary 
sheath of the true Exogens. The specimens described in the memoir demonstrate two 
facts bearing upon the question of the growth of these plants : — 1st, that the formative 
layer, whether we designate it cambium or give it some other name, has been substan- 
tially parallel with the exterior of the previously formed vascular tissues ; 2nd, that this 
layer has displayed an intermittent activity, periodic resumptions of vigorous growth 
alternating with times of rest. The facts detailed in the memoir clearly demonstrate 
that the ligneous zone was gradually built up by a succession of such growths. The 
pith, primarily small, ultimately attained to considerable dimensions through the fissi- 
parous multiplication of its cells. Possibly it may have been the pressure occasioned by 
this multiplication that caused the continued expansion of the medullary cylinder. 

Bat before attempting to discuss cither the physiological questions suggested by tin’s 
inquiry, or the homologous relations of the various tissues of the Lefridodendra to those 
of the living Lycopods, it will be necessary to call attention to a few features in the 
latter objects which require to be considered. 

Considerable variations exist in the structure of the living Lycopodia and Selaginellm 
but an essential unity pervades the entire giunp. If ^vc lake a matured stem of a 
Selaginella ITaHensii as a simple type, wc find in the centre a single large fibro-vascular 
bundle. In the transvei'se section this bundle is elliptical, consisting of a centjul line of 
vessels which are scalariform, spiral, and annular, all the three modifications occurring 


fell into it from tlic civcuinstnnce that ibc BmaU size of these vessels was in exact correspondence with tlna of 
the innermost series of the exogenous gi’owlh, juid very different from that of tlic large vessels coji.stitnling the 
hulk of the medullary cyliuders. Haviug now traced the origiu of this vascular cylinder, the question appears 
to be set at rest. 
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in the group. This cluster is surrounded by a ring of yery small woody fibres, the 
Phloem of the German botanists, the innermost cells being the smallest and the outer 
ones the largest in the series. .Around this central bundle is a cylindrical air-cayity 
traversed by numerous detached columns of cells, which ascend as they pass inwards 
from the cortical layer to the fibro-yascular bundle, to which latter they serve as a series 
of flying buttresses, sustaining it in its position. Externally to this air-cylinder is the 
bark, which varies in its composition in different Lycopods. In Selaginella Marteiidi^ 
denUculata^ and Wallichii the inner part of the bark consists of a dense mass of paren- 
chyma, with large cells and thin transparent walls, and with a few large chlorophyl- 
grains in each cell. Yet more externally this parenchyma gradually passes into a thin- 
walled fusiform prosenchyma, the walls of the cells becoming thicker as we proceed 
outwards, until at their external surfaces they present a woody structure, forming the 
outermost envelope of the stem. But on turning to the leaves we find something more : 
the substance of each leaf is parenchymatous, besides which it has a true epidermal 
layer of sinuous cells and stomata on its under surface*. 

In Lycopodium chamcecyparissus^ though the central fibro-vascular mass is more 
complex than that just described, it is, as Sachs justly points out, essentially the same ; 
but the air-cylinder of the Selaginellas is absent, as is also the inner x^arenchyma of the 
bark. The x^rosenchymatous layer is very thick, and closely embraces the fibro-vascular 
bundle ,* its component cells also are much more thickened by ligneous dex^osits in their 
interiors than in S. MartensiL Another important difference exists in the fact that the 
parenchyma of the leaves now extends itself over the entire stem, forming an outer 
cortical layer; but this is not invested by any true epidermis, such as is seen covering 
the leaves. 

If we turn horn these general features to some special points in the development of 
these plants, we shall find that new light is thrown upon the fossil forms. The young 
growing bud at the tip of a Lycopod is composed externally of ordinary parenchyma ; 
but in its interior we find foi*med at the earliest period a central column of what Sachs 
designates procamUum, a solid cylinder of very delicate, vertically elongated cells, the 
transverse section of which has in most species an elliptical outline. I have carefully 
traced the develox)mcut of these procambial tissues in many Lycopods, and can thoroughly 
confirm the accounts given of them by Sachs. Where the first pair of leaves is given 
off in S. 2Icirtensi}., a slender spiral or scalariform duct x>asscs from each leaf into this 
XDi-ocnnibinl layer, through which the two vessels descend vertically into the stem at points 
corresponding, as Sachs correctly indicates, with the two foci of the ellipse, where it joins 
some vessels already formed in the stem itself. The second jjair of leaves contributes a 
second set of vessels, which in like manner enter the procambial cylinder. We thus 
obtain, x^artly from the stem itself and x)artly by successive additions from the various 
leaves, two x'Jarallel columns of fibro-vascular tubes sexiarated by the ccirtral mass of 
procambium. Descending still lower into the matured x^arts of the stem, w'c find that, 
* ^daghuTLH cUniiciilata appeal’s to have the same stnicturc as IS. MartensiL See Sachs's ‘Lehrbuch/ fig. 89 A. 
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by successive centripetal gro'vvtbs, these vessels have so increased in number as to cause 
the two bundles to meet in the middle of the procambial cylinder, through the longer, 
axis of the transverse section of which they now form*a continuous line. The central 
vessels of this linear series are now the largest. A further distinction appears in the 
circumstance that the central vessels are generally more perfectly scalariforin, whilst the 
outer vessels are spiral ones. Whilst these changes have been going on, corresponding 
ones have connected the remaining procambial cells into an interrupted ring of prosen- 
chyma with somewhat thickened walls, or, in other words, into a ring of limiting tissue, 
m aki-ng the whole axis a closed bundle. The cortical layers appear to be composed of 
meristem ; that is, they do not grow from any true cambial structure, but by the division 
of the preexisting cells of all the parts, until the normal dimensions of each stem axe 
reached. The central vascular bundle of the axis thus represents the Xylem, and its 
investing prosenchyma the Phloem, whilst the bark derives its existence from an inde- 
pendent source, originating in the primitive cellular tissue. In the plant quoted most 
of the vessels of the fibro-vascular bundles appear to he derived from the leaves. The 
outer vessels of these bundles are smaller in size as well as more spiral in structure 
than the inner ones. These facts have an important bearing upon the interpretation of 
onr fossil forms. Xageli has argued that the fibro-vascular bundles belong to the stem 
and not to the leaves, because he finds such bundles in Failotum^ in which the leaves arc 
deprived of them ; but the Psilotum is altogether so exceptional a form thiit it can 
scarcely outweigh the evidence afforded by the Lycopodia and Selaginellce. 

Guided by these examples, I think we can ascertain the homologies of the fossil stems 


so far as their tissues are represented in the living types. It is clear that the central 
bundle of Plate XLI. fig. 2 corresponds substantially with a young state of the central 
fibro-vascular bundle of Selaginella Martenm, only here some of the central primitive 
tissue has remained to form the basis of a future pith which lias no existence in the 
living forms. lu the latter we have no central axis preserved wliicli can. by the utmost 
stretch of the imagination, be identified with a pith; tlieir primary ' ■ c:' - 

cambium is wholly con\ertcd into or replaced by the central vessels (Xylem) and the 
investing zones of prosenchyma (Phloem). Parencliyma lias no longer an existence in 
this part of the jilaiit ; hence we must conclude that the preservation of a central portion 
of primitive parenchyma, capable of very considerable increase by cell-division, is peculiar 
to the fossil types. 


have seen that the number of the vessels in the central vascular bundles of livino- 
types increases, up to a certain point, with age, and also tlint each foliar vascular bundle 
unites with those of the central axis, at least wlic-rc the first two come in contact and for 
some distance downi the stem, at the external surface of the central bundle. The fossil 
and recent forms agree in -tliis point; hut Ave noAv face a difficulty. The iuimbor of the 
vessels iu such a cylinder as I have represented iii Plate XLI. fig. 8 represents, doubtless, 
the aggregation of the bundles of a yet larger number of leaA'cs than there arc vessels ; 
and if each leaf of the upper part of the stem added its quota to the aa IioIc extcrmdly 
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to all previously formed ones, it is difficult to understand why we do not find the lower 
ones traversing tangential sections of the medullary cylinder, as we do in corresponding 
sections of the exogenous zone (Plate XLII. fig. 12). I think there can be no doubt 
that the large inner vessels of the vascular medullary cylinder belong directly or indirectly 
to leaves located at points of the stem inferior to those smaller ones belonging to the 
periphery of the circle. Yet in radial sections we witness the anomalous arrangement 
represented in Plate XLII. fig. 12, where the leaf-bundle (on) joins the cylinder (c) at a 
point external to the larger vessels of c, but which latter is connected with leaves higher 
up the stem than that supplied by the vessels m. At m' we still find the foliar bundle 
retaining its position external to the cylinder. I can only conclude that as they descend 
into the stem the vessels of each foliar bundle pass inwards, but do so obliquely and slowly, 
thus preventing their altered direction from being conspicuous in tangential sections of 
the cylinder. This peculiar difference in the arrangement of the upper and lower extre- 
mities of the foliar vessels may explain the sinuous course which those of the medullary 
cylinder pursue. They never exhibit the mutual parallelism seen in those of the ligneous 
zone, but twist about, so that they rarely preserve such parallelism, for any distance, either 
with each other or with the plane of the section*. 

But supposing this peculiarity in their arrangement to be explained by what I have 
stated above, there yet remains another problem to be solved. We have seen that, 
in the first instance, these medullary vessels are few in number, and exhibit scarcely any 
central medullary area, whilst at later periods of growth opposite conditions prevail in 
both these respects. The pith becomes larger as the branch increases in size, involving a 
corresponding enlargement of the vascular ring composing its peripheral boundary. This 
could only be accomplished either through the pressure of the growing pith causing dis- 
placement and rearrangement of the surrounding vessels, or by producing almrption of 
the inner ones, the loss of which must, in that case, have been antagonized by a constant 
addition of new ones at the periphery. But after what t have seen of the displacement 
of older vessels through the pressure occasioned by the growth of newer ones, I have no 
hesitation in adopting the former of these explanations; the more so, since I have 
not in any instance seen such ragged irregularity in the vessels in contact witli the 
medulla as continuous absorption would produce. Plate XLII. fig. 15 demonstrates that 
the real condition of things is precisely the reverse of this, the cells of th (3 ])ith and tlie 
vessels of the cylinder adapting themselves to one another with geometric regularity. 
After the development of the foliar bundles and their aggregate product the vascular 
medullary cylinder went on for some time, an altogether new set of vessels began to be 
formed laying the foundations of my exogenous growths. These differ from those of 
the cylinder in almost every respect, whether of origin, structure, or function. 1st, as to 
origin : they are not, directly or indirectly, associated with the leaves ; hence the foliar 
bundles have had nothing to do with their production. They have been formed in 
unequal concentric rings, in immediate contact witli the inner layer of the bark. It 
* These peculiar arrangements are represented in the diagram, Plate XLY. fig. 3C. 
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must not be forgotten that the homologue of the vascular bundles of the living Lycopocls, 
i, 6. the vascular medullary cylinder, is not encased within a ring of prosenchymatous 
cells, or Phloem, as [in the recent plants: hence they remain throughout their entire 
development open and not closed bundles, which is a very important distinction. vSo far 
as r can judge, the appearance of this exogenous growth possibly corresponded with the 
period at which the leaves ceased directly or indirectly to produce further increase in the 
number of the vessels of the medullary cylinder. I can discover no reason for supposing 
that the number of the vessels of that cylinder subsequently received further additions, 
or that any further enlargement took place in the diameter of the cylinder. I can only 
account for the development of the exogenous layers by supposing the existence of some 
equivalent of a cambium-layer surrounding and parallel to the cylinder. The fact of 
these growths taking place as I have already described is beyond ail question. The only 
debatable points refer to the source whence these exogenous layers were derived, and 
to the relations which they bear to the similar structures of other plants. 

Professor M‘Nab, who objects to my views on this point, lays much stress upon the 
distinction between a layer of ‘‘ meristem ” tissue and a cambium-layer. The distinction 
between these structures was made by Nageli and further illustrated by Sachs (Lehrbuch 
der Botanik, p. 75). The characteristic feature of a ineristem structure is that all or 
most of its cells are capable of spontaneous division or multiplication by fisvsion, as is 
the case with the first-formed elements of every plant ; whilst such cells as arc no longer 
capable of undergoing such divisions become j^mnanent tissues. Sachs points out that 
these meristem tissues were formerly comprehended in what was generally termed cam- 
bium; but he urges the advisability of limiting this latter expression “to that mori- 
stemic {m&iimatisclie) layer in the tissues of the older parts of the plant by which is 
effected the lateral grou'th [Dickemmchstlium) of the Dicotyledons and Conifercc.” 
Hence, as cell-fission occurs in the true cambium-layer as well as in meristem layers, 
one chief peculiarity of the former lies in its position relative to the older parts of 
the stem — or, in other words, to its location, in the case of Dicotyledonous plants, 
between the wood and the hark. Henfkby describes some of the peculiarities of the 
Dicotyledonous stem as follows: — “When the buds open to produce new shoots, cell- 
division recommences in the cambium-region of the old bundles, and an additional layer 
of wood is added gradually during the season to that formed the year before. Season 
after season this process is repeated” (Elementary Course of Botany, p. 521, 2nd edition). 
“ The medullary rays which separate the primary bundles are developed in the cambium- 
region with the yearly layers of wood, and always extend to the cortical parenchyma ” 
[loc. cit. p. 523). Hexphry also points out, as other writers have also done, that one’ 
chief peculiarity in an exogenous stem resides in the parallelism of the cambium-layer 
to the previously formed fibro-vascular bundles (loc. cit p. 518), and in tlie periodic 
resumption of activity in the bundles {id. p. 519). If all these conditions are not fulfilled 
in the specimens which I have described and especially illustrated by Plate XLIII. 
fig. 20, I know not where to seek for such a fulfilment in any living plant. But Sachs 
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further says, ‘‘ das echte Cambium der Dicotyledon dagegen erzeugt sowohl nach aussen 
als nach innen fibro-yasale Gebilde, nach aussen Phloem, nach innen Xylem” [loc. cit. 
p. 397). If this determination that a cambium-layer must develop tissues on both its 
inner and outer surfaces is to be accepted, there is no further room for discussing the 
matter. We shall see directly that I find no reasons for believing that the bark increased 
its inner surface -by ^^rosenchymatous additions from a true cambium-layer, and we have 
nothing in the interiors of these stems corresponding with the ordinary wood-cells of the 
Dicotyledons and Coniferse. I have never for a moment pretended that we find in these 
arborescent Cryptogams all the features of a highly developed exogenous Dicotyledon. 
Primarily seeking to show the absurdity of applying the term acrogens to these plants, 
I have done so by demonstrating that they grow by the addition of new layers to the 
periphery of the old ones, that their woody wedges are disposed in radiating laminae, as 
in the Coniferse, and that these laminae are separated by medullary rays of which the 
cells exhibit a mural arrangement. Whatever name may be given to the genetic mate- 
rial out of which these new investing layers develop, whether we choose to term it 
cambium or meristem, we have here very manifestly a form of exogenous growth. 

That this exogenous structure belongs, as Professor Kino long ago pointed out, to a 
system of vessels wholly independent of and distinct from the medullaiy cylinder is 
clear. What its functions may be is not equally clear. It undoubtedly gave strength 
to the trunk and branches of the tree, but it contributed nothing directly to the nutrition 
of the leaves. The leaf-bundles pass through it, but they clearly have no further 
connexion with it than results from that positional relationship. When I wrote the 
second memoir of this series I had not ascertained so clearly as I have since done the 
relations of these foliar bundles. ■ Two facts, however, require further notice. One is that 
in that memoir I described a unique bit of a Bi^loxylon-stom in which some vascular 
bundles were given off from the ligneous zone, but whether or not they were foliar I 
cannot say*. The other relates to Stigmaria. That this is the root of a Lepidodendroid 
plant is unquestionable. It is also well known that the vascular medullary cylinder is 
not represented in it. The pith, which is large, is in direct contact with the iiiiun' surface 
of the exogenous woody zone. Remembering the apparent origin of the medullary 
cylinder from the leaf-bundles, we can understand the possibility that the downward 
prolongations of them would not reach the roots. But, as I have illustrated in my last 
memoir, the exogenous woody axis of Stigmaria does give off the vascular bundles to the 
rootlets. Plence it would appear that the nutritive fluids were absorbed by the rootlets 
and transmitted up the stem primarily by the vessels of tlic exogenous zone ; but in 
order that those fluids should reach the leaves, they had to be transferrccl, by some lateral 
movement, to the vessels of the medullary cylinder. I do not propound this olheruisc 
than as an hypothesis ; but I can see no other way in which the end could be attained. 

* I think it more than iirohablo that this curious specimen may belong to that part of the base of the stem 
where the medullary vascular cylinder of the latter and the woody zones of the roots with their peculiar Stig- 
marian structure somewhat ovorlaii one another. 

JinCCCLXXlI. 2 T 
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Th6r6 yet remains to be considered the relations which subsist between the respective 
cortical layers of the extinct and living Lycopodiaceee. 

In the former we have substantially three layers — ^an inner one of parenchyma com- 
posed of cells having a tendency to become arranged in vertical lines, an intermediate 
layer of prosenchyma, in which, in old stems, a peculiar, vertically elongated tissue tends 
to develop itself, and an outer parenchyma of the ordinary type, and '■which also con- 
stitutes the principal tissue of the leaves. If we combine what we find in the cortical 
investments of the recent Lycopods SolcLgi'HBlld and JOyGO^^odiuTJi chwtMBcy" 

^arissiis, we shall be famished with all that we require to illustrate the identity between 
these tissues in the living and the extinct forms. In Selaginell(t Martcnsii we have an 
inner layer of parenchyma enclosed in an outer one of prosenchyma, which latter becomes 
more compact, in consequence of the increasing thickness of the ligneous deposit within 
its cell-walls, as we proceed from within outwards. No true epiderm invests the stem. 
In Lyco^odiitiii chamceeyparissuSf on the. other hand, we have no inner parenchyma, but 
the prosenchymatous layer, very much thickened*, closely invests the central vascular 
axis. External to this prosenchyma we have a distinct parenchymatous layer, which 
Sachs describes as being an extension of that composing the leaves. Thus these two living 
plants combine to furnish us with the three layers of bark found in the fossil ones. It 
is interesting to remember that in one of the fossil Lepidodendroid stems from Lancashire 
and Yorkshire described in my last memoir, I found the very thick prosenchymatous 
layer apparently in close contact with the vascular tissues, as in Lyco^podmn oharnct'cy- 
^arissus. It will be noted that no true epiderm invests the stems of either of these 
recent species, but it exists in the leaves in a well-defined form and with the usual 
stomata. In that position it rests immediately upon the foliar parenchyma, which, as we 
have seen, extends over the entire stem of L. cliamcBcyparisms, as it does over the fossil 
steins. Hence in the latter I have designated this superficial parenchyma the 
dermal layer, though I have seen no trace of true epidermis investing it ; but this term 
assists us in maintaining correct relationships between the nomenclature of the recent 
and fossil types. 

I have hitherto said nothing about the probable roots of the plant described in this 
memoir; but since the Burntisland beds are permeated in every direction byStigmarian 
rootlets, specimens of the thick roots also being far from rare, I have come to the con- 
clusion that they belonged to the same plant as the Lepidodendroid stems and branches. 
I am the more inclined to adopt this conclusion from the circumstance that I have not 
yet seen in this deposit a single fragment of a true Siyillaria to which these nnnieroiis 
roots could have belonged. Mr. Bi2?ney has more than once affirmed the probability 
that L&pidodevdrou had a Stigmarian root, which opinion I fully endorse. 

Having satisfied myself of the soundness of these conclusions, I venture to suggest that 
Plate XLV . fig. 37 may be regarded as a diagrammatic representation of a vertical section, 
of a typical Lepidodendroid tree, drawn in accordance with the vai’ious details described 

' *• Sachs, * Lchrltncli,’ fig. S9 B, 
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in the preceding pages. At its upper portion we have on the left hand the leading shoot, 
and on the right the lateral branch of a Leindodend^'on, with their leaves in situ and the 
central vascular axis of each limited to a medullary cylinder (c) enclosing a true pith (a). 
Lower down we have the later-formed layers of the exogenous zone (d). The leaves 
are here represented by their petiolar bases (I'), whilst yet lower we jfind that these have 
disappeared, leaving only the ordinary Lepidodendroid scars («/). Below the level of the 
black ground-line we have the Stigmarian roots, with their rootlets (o) and their rootlet- 
bundles of vessels (w), derived from the exogenous zone (d'). 

In my last memoir I described a very peculiar variety of bark which I frequently found 
associated with the Lancashii-e, forms of Dlploxylm. Nothing resembling it occurs in 
the bark of the Burntisland type. In one of the Lancashire types, as I have already 
stated, I found the cells of the medullary rays thickened by internal bands of lignine, 
rendering them scalariform. No such cells appear in the Scottish plant. These are 
probably specific distinctions, to learn the exact value of which will require prolonged 
research. 

I have, liow brought together the representatives of four distinct genera. The young 
twigs which I have described, whether we are guided by their outward forms or their 
internal structure, are true Le^idodendra. The older and larger branches and stems 
have the internal organization of a Dijploosylmi with the external bark and persistent 
petioles of a Lomatophloios, whilst the branching stems, with their double ligneous 
axes, are unmistakably identical with the Leyjtoosylon of Cobda^. The broad features 
of resemblance in the cortical and petiolar portions of my plant to Cobda’s minutely 
described LomatoiMoios omssicmle are too manifest to require that I should dwell upon 
them. The disciform Sternbergian pith of Oobda’s species docs not recur in any of our 
British forms. All such modifications of pith that have come under my notice continue 
to be correctly located where I placed them many years ago, viz. in the woody cylinders 
of Dadoxylons. But the possession of a disciform pith is not recognized as constituting 
a generic distinction amongst recent plants, and we need not give it that value amongst 
fossil ones. Cobda’s genus Legtoosylon was founded upon a single decorticated axis, 
which, so far as it remains, displays no single feature differing from those Dijyloxtjlon , 
except in the double character of tiro axis. Bjioxgxiab'L’ has already sho-wn that iliis 
fcatui'c was but a result of the branching of the stem, and I have further illustrated tlic 
same truth in the preceding pages. Of the above names, the most appropriate one to 
be retained would be that of Lomatojyliloios^ were it not clear that this is also a synonym 
of Stebnbebg’s older term Leindojyhloios^: Beoivga-iabt has aheady adopted the latter 
ntime, uniting with it Coboa’s genera Lomatophloios, Ijejytoxylon, and Cala-Dioxylon, 
STBBTfBEBG’s Gycadites columnaris, and Goepbebt’s all of which generic 

terms except Cycadiies he abandons. It is obvious that Anabatlira and Dijyloxylon must 

* Elora dor Torwclt, tab. 15, p. 2.1. ' 

t Hr. H.wbox further considers Ulodendron to be merely a synonym, of Lejmdo^diloios. 

X Tableau dos genres do Vegetaus Eossilos, pp. 43, 44. 

9 T 9. 
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share the same fate, there being no longer any independent grounds for their retention. 
I propose therefore to adopt the generic term Lepidophloios for the plant which is the 
chief subject of this memoir. The necessity for the destruction of several genera just 
indicated suggests the probability that a number of specific names will have to suffer in 
like manner. I am satisfied that all attempts to apply specific names to the plants of 
the Coal-measures can but be provisional, until we learn more than we at present know 
of the effects of age upon their form and organization. Still, though they may not have 
any permanent value, such names are necessary for working purposes. I would there- 
fore provisionally distinguish the subject of this memoir as JL^idophloios hredifolvuM^f 
I cannot close this memoir without expressing my obligations to Dr. Dawson, of 
Montreal, who first directed my attention to the Burntisland deposit, and yet more to 
G. Grieve, Esq., of Burntisland, by whom the deposit was discovered. I am not only 
indebted to the latter gentleman for his personal guidance to the locality whence the 
fossil plants are derived, but he has laboured most indefatigably to keep me supplied 
with abundance of raw materials upon which to pursue my investigations. The deposit 
itself is a very remarkable one, apparently consisting of detached masses of peat imbedded 
in volcanic amygdaloid. Here and there fragments of the fossil plants occiu* charred to 
the extreme of blackness, but such is not their ordinary condition ; they are usually of 
a rich brown colour, and the perfect way in which their most delicate organization is 
preserved leaves little to be desired. 


Appendix. 

Eeeeived and read December 19, 1872. 

Since the remarks on page 306, relative to the growth of the new vascular layers of 
the ligneous zone of the LeiModemlra were penned, I have endeavoured to satisfy myself 
yet more thoroughly respecting the relations which this . subject bears to the views of 
modem botanists on the general question of new vascular growths. Some years 
ago physiologists would have agreed to regard the new vascular layers described in 
this memoir and its predecessor (Part II.) as the products of a cambium-layer. Latterly, 

* In ii letter from Dr. D.urso>’, dated Nov. 25, 1872, that observer informs me that ho r<'gi:fds (he Duviii in- 
land planl as identical sdth. LcjilchihiKlron Velllmraianu-m. Mr. CAiiKcraTins, on iho other h£;r.d, rojecis 
identifieanon. Until the very characteristic macrospores of my plant arc sho^v■u to exist in somi; r-f ihe loealUies 
iuvrhirh tlie Lcjfidoflevdron VeliJieimianum is common, I think it bast to retain my proposed provisional name. 
I find those macrosporcs associated with a section of AVii'irAM,’s original specimen of jA.uabciili'i'cii jiidchiirrhwij for 
whicii I am mdebted to Professor Ki-ve, and have not a doubt that the latter is identical witli the Eurntislimcl 
plant; but I have not sufficient proof to establish tliis point with the certainty requisite for a scientific detenui- 
nation. I iirust that the Geologists of the Scotch Survey will succeed in obtaining from WixiL\>r’.s loeality of 
Lennel Braes the decisive evidence which I doubt not will some day be forthcoming. Professor GiiiicTK kindly 
informs me that he regards the Burntisland deposits as helouging to the npperpartof the calciforous sandstones 
of the Biu'diehouse seiie?, and that tho Lciinol Braes rocks belong to nearly the same stratigrapJiical horizon. 
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however, the German botanists especially have restricted the application of this term to 
a more special set of phenomena than was previously done. They now limit the expres- 
sion cambium to a cellular layer which originates in a peculiar way, and which develops 
new tissues in a manner equally special, both processes being illustrated by what occurs 
in the majority of Dicotyledonous and Gymnospermous Exogens. In these plants the 
young aerial buds and the tips of the young leaves and roots severally contain the special 
homogeneous parenchyma to which Sachs has given the name of “ procambium.” The 
foliar fibro-vascular tissues are developed, in the first instance, in this procambium ; and 
on tracing each bundle so formed down into the stem we find, in Dicotyledons and 
Gymnosperms, that its fibro-vascular elements are produced on both the central and the 
peripheral sides of the procambial mass. For those tissues which are produced. on its 
inner or medullary surface, corresponding with the new wood of English botanists, some 
Germans assign the name of Xylem ; whilst to the tissues formed on the outer or peri- 
pheral side they give the name of Phloem, which is the equivalent of our English liber 
or endophlcEum. These two elements of permanent tissue are developed centripetally, 
so far as each isolated string of procambium is concerned, until they almost meet in the 
centre, having used up in then growth a considerable portion, if not all, of the pro- 
cambial cells. At this stage the detached fibro-vascular bundles are separated from each 
other by some of the primitive cells constituting the primary medullary rays. The 
growth of the second year commences by the extension of the cambium-tissue, as inter- 
fascicular cambium, across the outer ends of these primary rays by the usual process of 
ceU-fission, to which the German botanists give the general name of Meristem. Instead 
of the cambium continuing as a circle of isolated vertical strings, it now forms a con- 
tinuous cylinder, which repeats, on an enlarged scale, the operations of the previous year, 
with the addition of lengthening the preexisting medullary rays by adding new mural 
cells to the outer extremities of those in the Xylem layer, as well as to the inner ends 
of others separating the Phloem bundles. The Germans designate .the latter the Phloem 
rays, in contradistinction to the Xylem rays separating the growing wedges of true wood. 

As I have already shown, nothing that exactly corresponds with the details of these 
processes has taken place amongst the fossil Cryptogams which I have described ; hence 
I cannot affirm that the latter possessed a cambium ring in the sense to which I have 
just referred. But that a process of new cell-growth has led to the development of a 
succession of enlarging woody zones, each in its turn enclosing more or less completely 
. the preexisting ones, is certain. 

, But there are many obscurities which malte it difficult to ascertain what are the exact 
analogies subsisting between the growth-processes in the recent Dicotyledons and fossil 
Cryptogamic plants. In the fm'iner, the primary ring of vascular bundles in the stem 
consists of an aggregation of individual leaf-bundles. The equivalents of this foliar 
series, as I have shown in the preceding j)ages, are to be found in my medullaiy vascular 
cylinder, which in the fossil Lycopodiaceae is mainly, if not wholly, composed of pro- 
longations of the true foliar bundles. So far as origin and position are concerned, this 
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medullary cylinder appears to correspond with the pith-crown (Markkrone) or pith-sheath 
(Markscheide) of the Germans ; only it lacks, in the fossil forms, all the multiplied 
wood-cells of various kinds which enter into the composition of the Xylem portion of 
that structure, whilst the Phloem layer has no true representative either at this or any 
subsequent stage of growth. 

With the exogenous peripheral extension of the wood some new differences present 
themselves. In the case of the Dicotyledons and Gymnosperms, the fibro-vascular 
bundles of the medullary sheath, or “ pith-crown,” consist of elongated, annular, spiral, 
and reticular vessels, mingled with long wood-fibres ; whilst in the new layers of secondary 
wood no spiral or annular vessels appear, their places being taken by what Sachs terms 

short-membered, wider, pitted or dotted vessels”*. In the fossil Lycopods, as ’^ve have 
seen, the first exogenous zone is developed immediately around the vascular medullary 
cylinder, just as the first layer of secondary wood is developed immediately around the 
medullary sheath in the Dicotyledons and Gymnosperms. But instead of a change 
occurring in the nature of the vessels in such new layers of these Lycopods, corre- 
sponding with that just referred to in the living Exogens, the vessels of the new zone 
of the former are mostly identical in character, except in their sihaller size, with those 
of the medullary vascular cylinder. If the former are barred, so are the latter ; if the 
former are reticulated, so are the latter. But with this exception, the further development 
of these new zones proceeds so as to produce results substantially representing those 
seen in living Exogens. Thus a ring of detached vascular bundles first surrounds the 
vascular medullary sheath with definite vertical layers of mural cells between them, 
constituting the beginning of as many medullary rays. New bundles are added to the 
exteriors of the preexisting ones, as well as new cells to the peripheral margins of the 
medullary rays. As this intercalation of additional radiating vascular laminm increases 
the tangential diameter of these bundles, new, and vTt more peripheral, medullary rays 
become intercalated, as in living Exogeiis ; so that, tliough tlicse exogenous zones have 
attained, in many of the fossil Lycopods, to very large dimensions, no material increase 
takes ])lace in the diameter of the individual woody wedges as they progress fimri within 
outwards. I have also shomi in tlie x^rcceding pages that these exogenous layers neither 
contribute to nor receiv e from the leaves any portion of their vasculai’ ehmients ; whilst, 
as shown in the case of the Stigmana^ they do furnish the vascular bundles going to the 
rootlets, and consequently act as the channels tlirough which the crude sap has ascended 
from the roots to the ux>per portions of the tree. It ax)pcars to me that wc liave here an 
analogy of the utmost importance in relation to the problems under discussion. Wo 
seem to have here an identity of function which overrides all secondary differences of 
origin in its hearing upon tlie nature and homologies of these sevei;al structures, and 
which, when superadded to the structural resemblances existing between the exogenous 
ligneous zone of a Dqffoxyloid Lycopod and that of a recent Dicotyledonous tree, justifies 
my hypothesis as to the relations subsisting between the two in no slight degree, viz. that 

* Lelirljuch, d. 540. 
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they foreshadow the camhial growths of a later age. But another question arises, ^iz. 
What is the genetic relation subsisting between the innermost cellular layer of the bark 
of a Le^idodendron^ through the agency of which these new exogenous growths have 
been developed, and the cambium ring, which has accomplished a similar end in living 
Exogens % 

I have already stated that the entire cortical layer of the fossil Lycopods corresponds 
much more closely with that of the recent ones than it does with that of any living 
Exogens. We find in it nothing identical with the endophloeum or liber of English 
botanists, the Phloem of German ones. It is essentially a meristem tissue, the result 
of successive cell-fissions, and usually divisible into from three to four layers. We have, 
first, an outer parenchyma, which I have termed subepidermal, within which is a variously 
modified prosenchymatous layer. This is succeeded by an inner parenchyma, the inner- 
most portion of which is usually more or less differentiated into a reproductive layer in 
which the successive exogenous zones are developed. I have got some magnificent speci- 
mens of bark which show that the two outer layers, yiz. the subepidermal parenchyma and 
the prosenchymatous one, but especially the latter, increased in thickness through a meri- 
stem action which from time to time developed an abundance of new cells along the line 
of separation between the two tissues, and which process is illustrated by the curious 
specimens of bark described and figured in my second memoir (Phil. Trans. 1871, p. 220, 
Plate xm. figs. 64: & 57). The growth of these two outer layers being thus apparently 
accounted for, we have farther to ascertain the corresponding process in the history of 
the inner parenchyma. That it also increases enormously in thickness with the increased 
age of,the stem is quite certain ; but though I have examined it in numerous specimens, 
I have wholly failed to detect any trustworthy traces of a diffused cell-fission or meristem 
process acting simultaneously throughout the entire substance of the layer. Such facts as 
I have observed seem to me to render it more probable that the new cell-divisions have 
taken place near its inner surface, and that, whilst these divisions were ultimately 
instrumental in adding to the thickness of the vascular ligneous zone on their inner 
side, they also increased the diameter of the parenchymatous bark-layer to which they 
belonged in the opposite direction. If this idea proves to be correct, it udll follow that 
this meristem action of the innermost bark ends in the production of two kinds of 
permanent tissue — an inner vascular one, belonging to the vascular axis, and an outer 
cellular one, belonging to the true bark. 

These meristem processes have evidently taken place interruptedly. There seem 
to have been periods of intense activity alternating with periods of rest. The latter 
state is illustrated by specimens of Stigmaria in my cabinet like that represented in 
Plate xxxT. fig. 52 of my second memoir*, -where the outer parenchyma [1) passes sudderJy 
and abruptly into the proscncliymatous layer (Jc), the peculiar meristem structures seen 
in figs. 64 (A) and 67 of the same Plate being entirely wanting. But tliesc latter evidences 
of vigorous action are very conspicuous in other specimens which I have discovered since 

* Thilosopliiciil Transactions, 1S72, Part I. 
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the publication of that memoir, and the identity of which with those represented by 
fig. 52 is demonstrated by their possessing situ the peculiar rootlets so characteristic of 
Stigmaria. I have not obtained similarly conspicuous proofs of this intermittent cell- 
action in the ififievniost bark ; but the periodic additions made to the exterior of the 
exogenous vascular zone, as illustrated by fig. 21 of the present memoir, demonstrate 
that similar alternations of activity and rest must have occurred in this region. Hence 
we appear to have in these Cryptogamic Lepidodendroid stems two concentric vertical 
zones in which these alternations occurred, — one in the same region as is occupied in 
Dicotyledons and Gymnosperms by the true cambium-layer, and the other in the same 
plane as that which contributes to the growth of the cork-layer of the bark in the same 
plants*; and whilst fully recognizing the differences between the details of the physio- 
logical phenomena in the two classes of instances thus compared, I cannot believe that 
the coincidences referred to are wholly accidental. Be that, however, as it may, we are 
brought to the conclusion that though the accessory phenomena attending the exogenous 
growth of the stems of these fossil Cryptogams differ from those seen amongst the recent 
Dicotyledons, that process of growth practically leads to similar results in both cases, so 
far as the lateral expansion of the woody zone is concerned. The most striking difference 
between them lies in the entire absence of ligneous prosenchyma or wood-cells from the 
exogenous zone of the fossil types ; but ' this is not more remarkable than the equally 
complete absence of the other, or vasculai*, element from the corresponding zones of a 
coniferous stem. In a letter which I recently received from Professor Sachs, referring 
to this subject, he says : — ” The main point seems to me to be whether or not, in the case 
of Ciyptogams, subsequent growth in thiclmess (Dickenwachsthum) occurs. WJiethcr 
this takes place by means of cambium or merely by means of meristem, is manifestly a 
question of secondary importance.” That such a growth does occur is now put beyond 
all possibility of doubt. 


But the difficulties which surround these efforts to ascertain the homoloaies subsistinar 
between the Carboniferous Lycopods andlmng plants are not confined to the exogenous 
zone. A somewhat similar difficulty attends the attempt to establish true homologies 
between the vascular medullary cylinder of the plants described in this and the preceding 
memoir and the central fibro-vascidar bundles of the living Lycopods. That these two 


structures are homologous I ha\e no doubt, nor, so far as I am aware, has any other 


observer. Professor Sachs agrees with this conclusion. 


He writes, “ I consider that 


your medullary axis of fibro-vascular bundles consists of several such fibro-vascular 


bodies as I have depicted in fig. 310 in the second edition of my ‘ Tcxtbooli,’ ^Thich 


figures represent sections of the stems of living Lycopods. But more than one difficulty 
presents itself when wc try to work out the details of this relationship. 

Our hsail Lejiidodendra do not exliibit any thing which exactly corresponds with what 
I have described on pages 308 & 304 as occurring in the living Lycopods. I have already 


* See il. E-AWEXiiovr Oa the 

oiiinc scrie, Tol. xii. p. 


rormation of the Cork-bark in Dicoiyledons,” Annales des Sciences Naturolles; 
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sliown that, as each branch grew, a rapid and very large increase took place in the 
number of the vessels constituting the medullary cylinder of the Lepidodendroid plants ; 
but I have been unable to satisfy myself whether these new additions were developed 
ceiitrifugally or centripetally as in living Lycopods. The difficulty of determining this 
point arises from a circumstance which marks an additional distinction between the living 
and the extinct forms. In the former, the vessels first produced in the procambial axis 
retain their relative positions permanently: the new vessels added to them merely 
occupy, in succession, the spaces intervening between older ones, without either disturb- 
ing the latter or enlarging the area which the entire bundle occupies. The case is 
wholly different with the Lepidodendroid plants : in them we have no evidence that 
the vascular elements developed in this manner. However wo regard my medullary 
cylinder, whether as exclusively composed of foliar bundles or of a combination of 
foliar and stem-bundles as in living Lycopods, there is no perfect parallelism between its 
arrangements and those of the recent plants. Beginning in the fossil form at the tip of 
a twig as a small vascular bundle, we have seen that it gradually enlarged its area 
until it became a cylinder of considerable dimensions. Some of the primitive cells out 
of which the vessels were developed, and which I presume have been procambial, 
obviously increased by a prolonged meristem action until they produced a central axis 
of permanent parenchymatous tissue representing a medulla, the pressure occasioned by 
the growth of which was probably the cause of the centrifugal movements of the vessels 
composing the rudimentary vascular medullary axis. But whilst we may thus account 
for the displacement of the vessels, it is difficult to explain the origin of the numerous 
additions to their number in the vascular ring taking place coincidently with the growth 
of the stem. "We find no traces of reproductive procambial cells interspersed between 
the vessels of this vascular zone. Were these additional vessels produced through the 
cells of the pith-meristem within the cylinder, or through those of the cortical one 
external to it? We must look to one of time sources for their origin; and my own im- 
pression is that their true source was the innermost layer of the cortical cells. If so, 
their development was centrifugal, or in the opposite direction to that of their living 
allies. But there is yet a further distinction to be recorded. We have seen that in the 
vascular bundles of the recent Lycopodiacese each central vascular bundle is flanked on 
either side by a layer of prosenchymatous fibre. I find no trace of any such tissue 
occupying a similar relation to the vessels of the fossil plants. In the latter these vessels 
are either unmixed with any cellular tissue whatever, as in the Diploxyloid forms of the 
cylinder, or they are distributed through a mass of mere parenchyma, which appears to be 
a permanent tissue, as in the medullary axis of Lej^idodendron eelaginoides*. Thus we 
find that even in those structures which are generally accepted as the representatives of 
the vascular bundles of the living Lycopods, the fossil forms differ very widely from the 
recent types, both genetically and in their composition. 

Such differences occurring in the central vascular axis (so universally accepted as 

* PhilosopMcal Transactioas, 1872, Part 1, Plate xxiv. fig. 1. 
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presenting the same structure in the fossil and living Ciyptogams) demonstiatcs 
lat we must not expect to find in the primaeval types exactly the same genetic pheno- 
ena as those with which we are familiar at the present day, T^hen the differentiation of 
ryptogams from Phanerogams has progressed so far by the degradation of the former and 
le elevation of the latter types. When no true Dicotyledons existed, their places being 
iken by an arborescent type of Cryptogams, the differences to which I have called 
ttention prepare ns for recognizing without surprise the possibility of other genetic 
istinctions, such as we find in the exogenous growth so generally characteristic of the 
’arhoniferous plants. 


Descriptioit of the Plates. 

PLATE XLI. 

'ig, 1. Transverse section of a young Lepidodendroid twig, enlarged 20 diameters. 

'ig. 2. Transverse section of the tip of a yet younger twig, enlarged 24 diameters, 
ig. 3. Transverse section of the central vascular cylinder of fig. 2, enlarged 64 
diameters. 

ig. 4. Transverse section of the central vascular cylinder of fig. 1, enlarged 64 
diameters. 

ig. 6. Longitudinal section of a similar twig to fig. 1, enlarged 50 diameters, 
igs. 6, T. Eadial sections of the hark of specimens like fig. I, enlarged 60 diameters, 
ig. 8. Transverse section of the vascular cylinder of a branch larger than fig. 1, 
enlarged 64 diameters. 


• PLATE XLII. 

ig. 9. Transverse section of a young branch which has reached the Bij^Joxylon form, 
enlarged diameteis. 

ig. 10. Eadial section of a portion of the vascular medullary cylinder and ligneous 
zone of fig. 9, enlarged 65 diameters. 

11. Transverse section of the central axis of a large Diploxyloid stem, natural size. 

ig. 12. Tangential section of part of the ligneous zone of fig. 11, enlarged 10 diameters, 

ig. 13. Tangential section of part of the ligneous zone of %, 11, yet further enlarged 
32 diameters. 

ig. 14. Vertical section of the medulla and vascular medullary cylinder of a Diploxyloid 
stem, enlarged 12 diameters. 

ig. 15. Transverse section of a portion of fig, 14, exMMting the junction of the vessels (c) 
of the cylinder mth the cells (J) of the pith, enlaj^d 50 diameters. 

%, JBadial section of the outeimesilkyers of the haAvdth leaf-petioles attached, 

natural siza 
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PLATE XLIII. 

Pig. 16. Radial section of the inner parenchymatous bark in its matured state, enlarged 
50 diameters. 

Pig, 17. Radial section of the outer part of the proscnchymatous bark in its matured 
state, enlarged 40 diameters. 

Pig. 18. Tangential section of the Icat-petioles close to the outer surface of tin? bark, 
enlarged 2 diameters. 

Pig. 19. Transverse section of the centre of a young Jjepidodcndroid twig, about to 
branch dichotomously, enlarged 28 diameters. 

Pig. 20. Section of a large Diploxyloid stem, branching like fig. 10, enlarged 2 diameters. 

Pig. 21. Transverse section of part of tlu^ ligneous zone of fig. 20, enlarged 40 diameters, 
exhibiting the young vascular growths. 

Pig. 22. Tangential section of some of the young vc.ssels of fig, 21, enlarged 50 
diameters. 


PLATE XLIY. 

Pig. 23, Transverse section of a Lejyldosivohm, (ndargod 7 diaracjters. 

Pig. 24, I'angential section of a LepiUostfobm^ enlarged 4 diameters, 

.big. 25. tSmall poi-tioii of fig. 24, enlargc^d 45 diamotors. 

Pig. 27. w, Section of a macrospore, enlarged 70 diameh'rs; w, clu.stf'r of ir)ie,r<)Hj»or(>.s, 
enlsn'g'{'(l to tlu' same scale. 

Pig. 27^. Single macrospore, external aspect, as an opacpie td>ject, (mlnTgcd .25 dinm raters. 

Mg, 28, Cluster of tour sporangia from the base of a fjCjiiiliHroho.i^^wwiX <’onlniiiing 
macrosporcs, cnlarg(id 32 diameters. 

Pig. 20. Transvers(j section of the central axis or poduuchj of a large) fjciiidodi-ulths 
enlarged 10 diameters. 

Pig. 30. Longitudinal section of fig. 29, enlarged 10 diameters. 


PLATE XTY. 

Pig. 26, Microsporos of fig. 25, magnified 800 dimneters. 

Pig. 31. External surface of .a young Lopidodendroid twig of the common typo of fig, 1, 
enlarged 3 diameters. 

Pig. 32. External surface of a young Lepidodendroid twig of a rarer variety, enlarged 
3 diameters. . 

Fig. 33. Transverse section of va young Lepidodendroid twig fi’om Oldhahi, enlarged 
8 diameters. 

Pig. 84. Longitudinal section of the medullary axis of a young Lepidodendroid twig 
from Oldham, enlarged 46 diameters. 

Pig. 35. Transverse section of d,' young Lepidodendroid branch from Oldham, with 
large leaves, enlarged 4| diameters. 
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Eig. 36. Diagram representing the arrangement of tlie foliar bundles and vessels of tli(^ 
medullary sbeatb. 

Eig. 37. Diagram representing a typical vertical section of a Lepidodendroid tree with 
Lepidodendroid brandies, Diploxyloid stem, and Stigmarian roots. 

The letters of reference employed in the above figures are applied as follows, thf' 
application being as nearly as possible identical with that of my previous memoir ; I liavo 
given the list complete, though several of the letters refer to root-structures and other 
parts not described in detail in this memoir, and some additional ones arc employed. 


a. Medulla. 
h. Medullary cells. 

c. Medullary vascular cylinder. 

d. Ligneous zone. 

e. Vessels of ligneous zone. 

f. Medullary rays. 

g. Innermost parenchymatous bark (rarely 

if ever present in these Burntisland 
plants as a distinct layer). 

h. Inner parenchymatous bark. 

i. Prosenchymatous bark. 

Jc. Subepidermal parenchymatous bark. 

1. Leaf-petioles and leaves. 


m. Eoliar bundles of vessels. 

n. Eoot-bundles of vessels. 

0. Bootlet. 

j?. Cups for rootlets (not present). 
T. Cone-scars (not present). 

s. Axis of strobilus. 

t. Bracts of strobilus. 

u. Sporangium. 

V. Cellular sporangium-wall. 

Microspores. 

(v. Macrosporcs. 

?/. Leaf-scars. 
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XIV. On the present amount of Westerly Magnetic JJeclination [Variation of the Com- 
pass] on the Coast of Great Britain^ and its Annual changes. By Btaff Captain 
Fbederick J. Evans, B.N., F.B.S., Ilydroyraphical Department^ Admmdttpin charge 
of Magnetic Department '^. 


llccoivod Juno 15, — llcud .1 uuo iid, IS7:2. 


Erom tlic rapid decrease in late y<3ur.s ol‘ the aimount ol;' W(‘sterly M.a]i>;u(3l;i(i .l)c3cUuati()n 
over the whole area of the United Kingdom and th(i adjacent seas, the attention of 
the Hydrographic Department of the Admiralty has hecui constantly direeded to this 
interesting’ physical fact as one specially aftccting ctrast navigation and the accuracy of 
compass-bearings derived from the current charts. 

The duties of Her Majesty’s vSurveyiiig-vesKels ('ngag(?d on our own shore's having 
within the last few years included districts embracing iu>arly tlio whole (*xt<'nt of coast- 
line, the opportuuiti(;H thus uhbi’ded for a careful dthca’inination of the. magnet, ic d(H-U- 
natiou at widely spi’oud and favouruhlo loculiti(‘s wen*, muhn* tin* direction of A<hniral 
lliCHAUDS, O.B., TMI.S., th(3 Hydrograplun* of tlu3 Admiralty, talum adviuitage (»1‘, and 
suitable instruineiits furnished to the Oommanding (Jnic(*rs from tlu3 A<lmir{dt;y Uompuss 
Department. 

E.vpericnco has shown that the accurat(3 dehn’minatioii of tin? magnetic. d(!c1i nation 
requires fery careful manipulation and attention to iustrumental details, and ('.sjxjcfiully 
so if observed by the suspended collimator magnet, or by tin* nifhicting apparatus <l{}vi.s(‘d 
by Dr. Lloyd and employed by the late Mr. Whlkii in his Magmatic Survey of Scot- 
land, in the years 1857 -58, the account of which will bo found in tlie Ileport of tin; British 
Association for the Advancement of Science fox* 1859, 

Partly from these considerations and from the time rccpiired in the use of such deli- 
cate instruments, instead of them the well-known Admiralty Htandard Uompass was in 
general employed, supplemented oecasioually with a Katkii’s Avsimiith (bmpius of supt;- 
rior construction. Every precaution was adopted to ensure the acennujy of the scjvcval 
adjustments of these instruments before they loft the Admiralty Compass Obvservatory 
(now established in Her Majesty’s Victualling Yard at Deptford) jxnor to the amiiial 
resumption of the duties of the surveying-vessels, as well a.s in the re-c'xumlnatioii of 
their errors on return from the season oj)c rations. 

The most extemk'd of tluj s<;ri(;s of ob.scrvatious recorded in this paper W(;rt; made by 
Staff Captain E. K. Calvbr in H(.;r Mcjcjsty’.s Ship ‘ Porcupine,’ assi.st(;d by Stshf Com- 
mander GKOiiOE H. Inskip; they include Stornoway in the Hebrides, Lerwick in the 
♦ CoiDuniiijf.'ijtod wiUi tlu; wmctioji of iho Lords Commissioners of the AdmiralLy. 
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Shetland Islands, and the N. and N.E. coasts of Scotland, the eastern coast of England 
from Holy Island to the North Foreland, and the N.W. and N.E. coasts of Ireland. 
The final results are generally the mean of two and sometimes three compasses, the 
individual observations having been made on several azimuths round the horizon, the 
true or astronomical bearings of the distant objects employed being* obtained by an 
altitude azimuth instrument or theodolite of suitable size and telescopic power. 

The observations on the west coast of Scotland were made by Captain (now Adn^iral) 
Ottee with an'ADiE’s Variation Instrument, in which three separate reversible needles 
were employed. The remaining declinations recorded, to which the observers names are 
appended, have received equal care in their determination with those above described. 

With the exception of a few stations, chiefly on the west coast of Scotland, for 
which the true or astronomical meridian had been furnished to the Admiralty Surveyors 
from the Ordnance Survey Office at Southampton, the astronomical meridian to which 
all the magnetic bearings were referred by the several observers w^as generally deter- 
mined in the following manner. 

With an azimuth and altitude instrument or the large class of theodolite employed 
in the Admiralty Coast Surveys (with azimuth circles of 5 to 6 inches diameter), — the 
zero of which was set to some well-defined object, — the sun’s exact altitude, together 
■with the time of its centre passing the middle wire of the telescope, were noted, as also 
the reading of the azimuthal circle. With the exact latitude and longitude as obtained 
from data furnished by the Ordnance Siuvey Office, the sun’s astronomical bearing and 
also that of the zero-point of the instrument, together with the terrestrial object to which 
it was directed, were thus derived, by two separate methods, from well-known formnlm. 
Azimuthal angles were then measured from the zero object to five or six well-defined 
landmarks, equally distributed, where possible, round the horizon; and these angles 
being referred to the astronomical bearing of the zero object, the astronomical bearings 
of the several landmarks from the instrument were thus known. 


The azimuth compass was now placed in the exact position of the azimuth and altitude 
instrument, and its sigUt-\aiics directed successively to the scwunil landmarks round the 
horizon, and their magnetic bearings observed, the mean value of the several differences 


between the magnetical and astronomical hearings being taken for the magnetic decli- 
nation [or variation of tlio compass] at the station. 

The observations have been finally reduced to the Ist January, IS72. For this pur- 
pose an arbitrary value (an assumed average fi-ee from diurnal change) lia.s been assigned 
for the magnetic declination at Greenwich Observatory for that date, namely 19° 40^ W. 
The differences between this assigned value and the recorded declination at Greenwich 
Observatory at the exact time* when the several 'observations were made on the coasts 


have been applied to the latt(?r as corrections, 


and will he found detailed hi tlie tabular 


* The QTcen\rich Magneliciil Observations are publisliod to LSliS, and from this source the corrc'ctiotis to 
tliat date have been obtained. For subscqnenfc comparative values I am indebted to tlic .Astrononiev Itoval and 
Mr. GuAisaisn, F.Br.S., in charge of the Magnetic Department. 
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abstract as the secular change. Those corrections, though not strictly accurate, as will 
be hereafter seen, from the unequal values of tlic annual changes of the magnetic decli- 
nation on the several coasts of the United Kingdom, are nevertheless far Avithin the 
limits of the probable errors of the observations themselves, and may tlKU’efore, I 
apprehend, be safely adopted as bringing the scv(n-al observations forward to one 
common epoch, as well as clearing them Irom diurnal and other inc'cpialities. 

Tlie results thus brought to one epoch Avere placed on a Mercator’s Chart of the 
British Islands, and the lines of ccpuil declination for each degree^ graphicidly diriAvn 
through the several aMucs. In this delineation of the lines of o(iual valium I Avas gncilly 
assisted, both in the dctcTminatujn of tluar direction and tlu^ slight amount of mciessary 
curvature, by iiunicrons obsoiTations of the magnetic declination madi^ in ndghbouring 
coimtri(\s and in the adjacent seas extending to the Arctic Ocean, which cannot hci intro- 
duced in the appended (’hart, bntAvhicli had been Aisedin the preparation of a Magnetie^ 
Variation Chart of the AVorld, imblished by the Admiralty in 1S7I. 

The procedure liero adopted is, under the conditions of so (‘xb^iidcd an a.r('a, and limited 
number of ohservations, perhaps bettor adapted for a, truthful r('pres(‘ntation of tlu' Iso- 
gonic lines than their cialcnlation according to the usual mtlhod, Avher(^ tlu^ dilh'rc'nces 
of the values of the magnetic elements are linear functions of tlu^ di tr(Mvnc('s of latltu(l<' 
and longitude, and accordingly straiglit limjs. 

Ih'om the records of the fixed Mugneticj Observatories in this and adjacent eountries, 
it is noAV certain that the animal chaug(‘., L c. a docnnisc^ of Avcwteily d(‘clinati(m, is gra- 
dually accelerating, and in some loc,aliti(^s notably so Avitlvin the last ten or hftesm years • 

At Brussels*, between 1850 and 1800, the mean annual decreases Avas 5^*88; ladwtien 
1860 and 1808 it Avas 8'*17. 

' In Noi’Avay, at ChrivStianiaf, 

betAveen 1850 and 1855 the animal decrease-- «S*'15 
1855 „ 1800 „ r.- 0*48 

1800 „ 1805 „ =10-5:2 

At Paris 

between 1825 and 1858 „ = 5*0 

1858 „ 1808*7 „ =: 0*0 

The annual change of the Westerly Declination at the vvelWaiown Magnetic Qbaer- 

* See ‘Noticea Extraitos do rAmraairo do I’Obsorvatoiro Iloyul do BxuxoIIob’ for 1800, by tlio Diroctor,, 

A. Qvexexet, from Avbiob. the folloAving is extracted for the purT)oao of tlio toxt 

■ Annual ' 

or dwmgo. 

1850, 12th April, 10 | a,m., obsorvod W. D.-diniitlou 20 25-7'l 
1800, 4th „ 1;1 r.M. „ „ H) 

1868, let „ Noon „ „ is 

t 8ci! 'Noih-os JCxlriiik's do rAiinimiro do rObsei'vatomj Royal d(5 .T}nix(;ll.o.s’ for 1804, in. a letter from 
^r. ir.VNSTIiMS to M. A. OcKTjaiKT. 

i 8i!(i Tbil. Traua. fur 1.870, p. 47, Afagnctic Hiirroy of "Wcat of rj-anco/’ hy tlic Rev. B. J. Reriit. 

O y 9 
^ \ Ja 



322 


STAFF CAPTAIN F. J. EVANS ON THE 


vatories of Greenwich, Kew, and Stonyhurst College in recent years will be seen from 
the following abstract. The determinations at Greenwich have been extracted from 
communications of the Astronomer Hoy al, — those prior to 1858 from contributions to the 
Nautical Magazine ; subsequent to that year from the Greenwich Magnetical Observations 
and the Annual Beports made to the Board of Visitors. 

The Kew results have been obtained through the kindness of the Observatory Super- 
intendent, Samuel Jeffbrt, Esq. ; and those from Stonyhurst College from the Meteoro- 
logical and Magnetical Observations published annually. 


Greenwich Observatory. 


1842 

18,')0 

1855 

I860 

1865 

1871 


Lat. 51° 28' 38" N. Long. 0'» 0«. 

Mean Westerly Differ- Annual 
declination. enco. decroaso. 


23 14*5 
22 24*3 
21 48*0 
21 14*3 
20 32*7 
19 45-0 


/ / 

\ 50-2 = 6-27 
[ 36-3 = 7-26 
[ 33-7 = 674 
j- 41-6 = 8'32 
\ 477 = 7*95 


Kew Observatory. Lat. 51° 28' 6" N. Long. 0° 18' 47" W. 

1858 21 54*1 1 14.3 — y.jo 

I860 21 39-9y _ g-. 

1871 20 10*5} 48-5 = 8-08 


Stonyhurst College Observatory. Lat. 53° 50' 40" N. Long. 2" 28' 8" W. 

The observations in my possession made at this Observatory do not extend further 
back than 1865 ; as the Decimation is observed monthly under nearly similar conditions 
in each year, I have preferred adopting the comparative monthly results for 18G5 and 
1871, to the mean annual values for those years as appended to the Observatory Reports. 


1865 

and 

1871. 




January 

February 

«• 

March ... 
April ... 

May 

June 

July 


August 


October .. 

November 

December 


r22 

31-41 

1_21 

48-1/ 

f22 

31-2 1 

|21 

59*3/ 

J22 

22-51 

121 

38-1/ 

J22 

16-4 i 

121 

.35-6 / 

f 00 

21-2 1 

121 

37-3 f 

f 22 

1871 

121 

37-3 / 

J 22 

21-1 1 

121 

23-6/ 

f 22 

19-21 

121 

37-5/ 

1 22 

30-3 1 

12I 

357 / 

/ 22 

23-01 

121 

35-5/ 

122 

27*51 

121 

32-5/ 

f22 

21-21 

121 

31-5 J 


Differ- 

ence. 

f 

43*3 

31*9 

44-4 

40*8 

43-9 

41*4 

60-5 

417 

54*6 

47-6 

65*0 

497 


Annual 

decrease. 

I 

7*22 
5*32 
7*40 
6-80 
7‘32 
6*90 
: 10-08 
; 6-95 
: 9-10 
: 7*92 
: 9-17 
: 8*28 


Meair 

value. 

y 771 






PRESENT VARIATION OE THE COMPASS. 


The accordance in the values of the annual change for the interval 18G5-71 at the 
three observatories is very satisfactory. 

Greenwich 7*95 

Kew 8*08 

Stonyhurst 7*71 

From former investigations on this subject of the secular change of magnetic decli- 
nation* I, was induced to consider that in the area included by the shores of the United 
Kingdom, the change was greater on its eastern than on its western side. A comparison 
of the lines of equal declination, as given on the annexed Chart (Plate XL VI.) for the 
Epoch January 1, 1872, with those given in the Phil. Trans, of 1870 for the Epoch 1842’b, 
by General Sir Edward Sabine, late President of the EoyalSociety, confirnns tlie opinion 
I had entertained, as also that in the higher parallels of latitude of this area the change 
is greater than in the lower, — thus incidentally confirming the larger values found at 
Christiania by M. IIansteen as compared with those observed at Brussels by M. Quetelet. 

I have appended the details of this comparison of the linos of equal declination for 
the Epochs 1842*6 and 1872 ; but the following abstract brings more clearly to view the 
general character of the changes in the several geographical limits during tlu^ ]uiHt 
thirty (29*5) years:— 

Aanual (leowiuso. 


Shetland Islands and N.E. coasts of Scotland, between COth) 

aud doth parallels I 

East coast of England, 56th and 61st parallels 7*78 

South coast of England, 51st and 49th parallels. [])iingcnt!ss| 

to Scilly, with the Channel Islands.] / 

Greenwich Observatory 7*27 

Irish Channel, between 62nd and 54th parallels . . . . 7*19 

Ireland, S.W., West, and N.W. coasts, 62nd to 55th parallels 6*20 
Hebrides and West coast of Scotland, 66th to 58th parallels 0*85 

Included in the Stations given in this paper at which the magnetic declination has 
been observed within the last six years, are several at which observations had been pre- 
viously made either by Mr. Welsh iii his Magnetic Survey of Scotland, 1867'-68 (see 
Report of the British Association for the Advancement of Science, 1859), and which arc 
reduced by corresponding observations at Kew to 1st January, 1868, or by Surveying 
Officers of H.M. Navy (see Report of tbe British Association for 1861, pp. 278-278), 
which observations are reduced to the 1st January, 1857, by similar corresponding Kew 
observations. 

We are thus enabled to obtain an a])prnxiiriiitc vahu' of the iinioinit of annual change 
for widely diverse localities in tho United Kingdom, and to furtlier tost tho recent acce- 
leration observed at Greenwich and Kew. 

* 8co Ecdination Map, JiritlsK Islands, An' Uic jiuian Epocli of ’1st JaiinarT, in on tho llopotl- 

lioM of the iL'ajrnotio Survey of England (Report of tlie Tiilitili Assoeiatioii for tlic AdvaiicoineJit of Scienoo, I.Stil). 
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As the recent observations available for this purpose were made between the years 
1866 and 1870, it was not desirable, on account of the large interval between those years 
and the Epoch adopted throughout (1872), to employ the results for that Epoch; each 
observation has therefore been corrected by an amount which would reduce the decli- 
nation to a mean value for the month of the date actually observed ; tins correction has 
been obtained from the Greenwich Observatory Magnetical Tables for 18GS, pages iv & v, 
by taking the differences between the mean Westerly declination in each month as deduced 
from the mean of the mean Hourly declination (Table III.), from the mean Monthly 
determination of the Westerly declination at every hour of the day, Greenwich mean 
solar time (Table II.)*. 

Por tlie Pritish Islands, tlie present average amount of Animal cliango (eight to ton niinutcs), these 
mil be found useful Tables to obtain the mean value of the magnetic declination for tho month when observed 
at any hour of the day. 

The foUowiiig Table, ■which is deduced from Tables II. and III. alluded to in tho text, has been constructed 
as it presents at sight tho required correction, i. e, tlio amount in minutes of arc to ho ajiplicd to the Westerly 
declination as observed within tho limits of tho British Islands at any hour of tho day, Greonwieh mean solar 
time, in order to obtain the mean value of tho Westerly declination for tho month. 4- «i{?u dciiolos tho amount 
in excess above tho mean monthly value, and must ho subtracted from tho observed declination"; — sign the 
amount in defect, and thoreforo to ho added to the observed declination. 


Groon- 

■fl'ich 

moan 

solar 

time. 

Jan. 

Fob. 

March. 

illjril. 

May. 

Juno. 

July. 

Augu.st. 

Sopt. 

Out. 

Nov. 

Due. 

(Irrcn- 

wich 

iiimii 

Bollll* 

litiio. 

h 

/ 

t 


• 

t 

/ 

/ 

/ 

/ 

f 

/ 

/ 

h 

0 

+ 2*0 

+ 2-8 

+ 4*6 

+5*9 

+5*0 

+ 4*4 

+4*6 

+6*2 

+ 6*8 

+ 5*4 

+ 3*6 

+ 3*1 

0 

1 

+ 2-8 

+ 3*8 

+6*4 

+ 8*0 

+6*0 

+5*5 

+6*1 

+ 7*5 

+ 6*6 

+ 5*9 

+ 4*1 

+ 3*5 

1 


+ 2‘4 

+ 4*1 

+ 6-3 

+ 7*8 

+5*4 

+ 5*9 

+6*5 

+7*0 

+5*9 

+ 6*1 

+ 3*2 

+ 3*4 

2 

3 

+ 1-6 

+ 3*4 

+4*9 

+ 6*5 

+ 4*4 

+5*1 

+ 6*9 

+5*5 

+ 3-7 

+4*0 

+ 2*1 

+ 2*8 

3 

4 

+ 0*8 

+ 2*0 

+3*2 

+ 3*6 

+ 2*9 

+4*4 

+4*8 

+2*8 

+2*2 

+ 2-0 

+ 1-3 

+2*3 

4 

5 

+0*6 

+ 0*6 

+ 0*6 

+ 1*7 

+ 1*8 

+ 3*1 

+3*1 

+ 1*3 

0*0 

+0*6 

+ 0*7 

+ 1*3 

5 

6 

+ 0*5 

+ 0*1 

-0*1 

+ 0*6 

+ 0*7 

+ 1-9 

+ 1*5 

+ 0*3 

-0*8 

-0*2 

+ 0*1 

+ 0*3 

6 

7 

-0*1 

-0*3 

— 0*6 

-0*3 

-0*1 

+ 0*3 

+ 0*2 

-0*3 

-1*0 

+ 0*1 

-0*4 

-0*2 

7 

8 

-0*5 

~0*6 

— 1*4 

—0*6 

-0-7 

-0*6 

-0*3 

-0*9 

-2*4 

-1*7 

-0*9 

-1*5 

8 

9 

-1*9 

-2*3 

—2*1 

-M 

-1*0 

-0*2 

-1*1 

-1*2 

-2*1 

-2*3 

-2*2 

-2*2 

9 

10 

-2*9 

-2*9 

— 1*5 

-1*7 

-1*1 

-0*8 

— 1*4 

-2*4 

-2*3 

-2*5 

-2*8 

-2*4 

10 

11 

— 2’4 

-3*3 

-1*4 ■ 

-1*9 

-2*0 

-1*4 

-1*4 

-2*5 

-2*4 

-2*4 

-2*4 

-2*2 

11 

12 

-2-0 

-3*1 

-1*3 

—2*6 

-1*9 

-1*8 

-1*6 

-2*1 

-2*2 

-2*6 

-1*9 

-2*1 

12 

13 

-1‘1 1 

-1*9 

-1-6 

-2*9 

1 -1*9 j 

-1*4 

-2*3 

-1*9 

-2*2 

— 2*2 

1+’ 

•““1*9 

13 

14 

~0*7 

-1*4 

-2*0 

-.3*2 

1 -2*3 ' 

—2*1 

-2*9 

-1*4 

-1*8 

-1*9 

-1*3 

-1*4 

14 

15 

1 -0-2 

-1*2 

-3*1 

-3*1 

— 2*4 

-2*1 

-2*7 

—2*2 

-1*7 

-1*1 

— 1*0 

— 1.0 

15 

16 

-0-5 

-0*9 

! —2*3 

-2*2 

-2*7 

-3*0 

-3*4 

-2*6 

-1*8 

-1*5 

-0*4 

-M 

16 

37 

+ 0*1 

-0*2 

-1*7 

-2*0 

-2*6 

-3*7 

-4*0 

-3*3 

-2*1 

-1*0 

-0*8 

-1*2 

37 

18 

+0*1 

+ 0*3 

-1*4 

-2*7 

-3*1 i 

-3*9 1 

-4*2 : 

-3*9 

-1*8 

-0*9 

-0*9 

-0*7 

18 

19 

0*0 

+ 0*2 

-1*5 

-3*8 

-3*2 i 

-4*1 1 

— 3*8 ; 

-4*2 

-2*0 

-1*5 

-0*6 

— 0*4 

19 

20 } 

—0*1 

-o-g 

C}.^ 

i 

-4*4 

-3'3 ‘ 

-3-9 I 

-3*4 . 

-3*4 

-2-0 


- ■ 0*9 

.-.0*4 

20 ; 

21 1. 

-0*4 1 

-1*0 , 

-2*7 ■ 

-3*1 ■ 

-1*9 : 

-3*0 i 

-2-4 ’ 

-.2*0 ; 

-1*0 ; 

-2*0 ! 

— O*.") ' 

0*4 i 

I 21 1 

22 '' 

+ 0’.5 j 

+ 0 *.') . 

-0*7 ; 

-0*4 ; 

H-0-1 i 

—0*4 ' 

-0:6 i 

+ 0*5 i 

H-M ; 

+ 0*2 I 

-! 0*7 . 

+ 0*3 i; 

06> 1 

■Atff ^ 1 

23 1. 

ft 1 

+ 1*4 ! 

+ 2*0 ' 


+ 3-0 i 

+2*8 ; 
* j 

+ 2*4 ! 

+ 1*6 ; 

+;}*4 

+4*0 ; 

+ 3*1 . 

+2'8 : 

1*7 i! 

on t 
1 : 

0 1’ 

1 

1 ■ 

+ 2*0 I 

+ 2*8 I 

+^•6 ' 

1 

+ 5*9 ■ 

+ 5*0 ! 

+ 4*4 1 

+ 4*6 ] 

+6*2 : 

+ 6*8 i 

-l-a-d 1 

+ 3*6 i 

-1-3*1 

0 1 
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M(mn 

DcKiliiuiUon jViuiual value of 

VV^'ah eliiuigi'. imuunl 


Shetland Islands /Welsh 1858*0 

(Lerwick) \Calvcr 18G9*7 


yr) 17-51 

47*0/ 


50*5=1 2*80 


c.liinifjt'. 


Thurso Ottc 


Shetland Islands and N.E. 
Coast of Scotland , 


)ttop 1857*0 2(1 01*01 ..... . 

Calvcr 18GG-G 24 45*0 i ' 


i 


1)0 


Thurso (co»/m?/c£?) Welsh 1858*0 2() 5()*,*il jQr.o_i 

Calvcr ISGG-G 24 45*0] 

Wick Welsh 1858*0 2(1 05*71 ,,,, | 

Calvcr 18GG-G 24 22*0 / ^ 


>11*21 


Ireland, S.W. Coast 


Scotland, West and N.W. 
Coasts* 


...Bridlington 

..Ross 

1857*0 


45*0 1 

Calvcr 

1807*5 

20 

57*0 / 

...Plymouth 

..Cox 

1857*0 

25 

20*71 

Mayc.s 

1 807*25 

22 

00*0/ 

fBerchuven 

..Church ... 

1857*0 

20 

42*5 1 

Moriarty ... 

1860*5 

20 

08*0 / 

1 Valontia 

..Kdyc 

1857*0 

27 

59*01 

1 

Kerr 

1870*25 

25 

52*5 ] 

''Oban (Dunolly 

/Bedford ... 

1857*0 

27 

00*0 / 

Hill) 

\ Otter 

1HGG*75 

25 

55*0 j 

Oban (Korrerti) . 

J 

..Bc'dford ... 

1857*0 

•U) 

59*0 \ 

Otter 

18(;G*7 

ur. 

02*0 j 

1 Kylo Akin 

..Otter 

1857*0 

/ 

20*0 \ 

Otter 

18G()*5 

20 

0*0 / 

Loch Eribol .... 

..Otter 

1857*0 

27 

11*51 


Culver 

laGG-G 

ii5 

14*0/ 


1()G*6 = 

(S0*7= 

:j4*5= ;{*i):i ) 

I 


10*55 


7*87 


G*5H 


•00 


9*55 


It will be here observed that tlie proportioniil amount of change in the .several 
geographical districts agrec.s with that observed for the longer interval of 29*5 years. 


* StoriKway in the Hohridos has not hcou included, as tlio statiojiia whore the oh.sorv!itionH woro nnwh* at Ukj two 
dates aro some distanco apart, and inucli local distiirhanco exists in tho nciglihourhood. 'J.'lufro iiiipcara, indood, 
on tho wostern coast of Scotland goncriilly and on many of tho onllying i.4lands, to ho ji*rout dilUcidty in .scloctini? 
a position to avoid local disinrhanccs ii’om basaltic and oilier eruptive rocks. OonipuHS Hill at Ganna is a 
notable oxamplo. 
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Coasts of Scotland. 


Stations. 

Lat. N. 

Long. 

w. 

Date. 

Greonwicli 
mean time of 
observation. 

Declination, West. 

Ob- 

Horvod. 

Secular 

change. 

CoitocUhL 

SiiETiiAND IsL.^SDS, Lcnvick (near I 
Port Charlotte) J 

0 / 

60 9 

0 / 

1 9 

1869, Aug. 30 

Ii in 

9 20 A..V. 

0 / 

22 46 

f 

21 

0 / 

22 25 


XiOCH EitiBOL, Hoan Island..... 

58 S4 

4 40 

1866, July 25 

»> >t 25 

1 30 r.M. 

25 20 

50 

24 30 


Kyle op Tongue, Babbit Island 

5S 32 

4 23 

4 0 P.M, 

24 57 

49 

24 8 


Port Skbrra, East Eock 

58 34 

3 56 

II >1 25 

7 0 r.jr. 

24 28 

48 

23 40 


Thurso. Scrabster. near Quav...f 

58 37 

3 32 

I, ,, 26 

5 0 A.st. 

24 41 

44 

23 57 


Eueswick Bay, Slcerra Hoad 

58 3(1 

3 3 

)i 1) 26 

9 0 a.m. 

24 12 

40 

23 32 


Wick, Soutii Head 

58 26 

3 4 

,, „ 26 

11 35 A.M. 

24 25 

50 

23 35 


HemsdaitE, near Castle Wall 

58 7 

3 39 

.. „ 26 

7 Or.M. 

24 16 

47 

23 29 


Tabbet Njess, Willtio Haven 

57 32 

3 47 

jj j» 27 

8 0 A.M. 

24 7 

42 

23 2.) 


BuugHead, Coast-Guard Station ... 

57 42 

3 30 

« 27 

11 30 a.m. 

23 53 

48 

23 5 


Knock Heah 

57 41 

2 35 

II I, 28 

8 25 A.iM. 

23 56 

43 

23 13 


FiiASEiusctton, near Lightliouso 

57 42 

2 0 

1, I, 28 

4 30 f.M. 

23 It) 

48 

22 28 


Peteiiurau, near South Pier 

57 30 

I 46 

J , ,, f ) 1 

8 35 A.M. 

25 0 

45 

22 17 

22 18 1 


Aberdeen, side of Bivor Dee 

57 8 

2 5 

*, 1 

9 0 a.m. 

23 7 

49 

tj / 



7J ^ O’ 

If if 

8 0 r.M. 

23 6 

46 

»>»> 0(1 

22 19 

Mostsqse, itear Low LigUtUoiwo . . . 

56 42 

2 27 

1. „ 3 

5 10 P.M. 

23 7 

45 

00 ^h) 


j P iviat Tay, Tiuddon Noss 

56 28 

2 45 

„ Sopt. 4 

7 45 A.M. 

23 0 

42 

22 18 


Giuikton, Field near Pier 

55 50 

3 13 

1 

4 15 P.M. 

9 25 A.M. 

23 30 

23 28 

•18 

22 .12 1 
22 43.1 



ft ft 

3 

4:. 

22 42-.1; 

Kiusuriicir, Koval Obeervalovy. 1 
■ CailoTL Jlill ' f 

1 

55 57 

3 U 

1871, October 


22 dC’i' 

2 

22 41 

1 

1 

s 

! 

* ouAN. D-w. t::” 

. 56 25 

5 27 

1866, Oct. 2 

Noon • - 4 J P.JI. 

25 58t 

49 

25 9 

I 

1 

ir> :■ ‘i. AiN::;r'‘ivr -i .1 

1 

. :.i! 25 

1 

5 30 

1866, Aug. 28 

0 30 — 4 P.M. 

25 n 

48 

24 19 


: KYr,r Akin, plot: W. of Tnii 

i 

[ rTi:ji!'ri)i:.'. (SouTrr LTi.'t) : 

Jr>7 16 

! 

i 

1 

5 44 

„ Juna 20 

1 50 1>.M. 

26 Of 

53 

25 13 


1 

' Loeli Boiridalo 

.|57 9 

7 18 

1862, Sept. 

0 30 pat. 

20 58t 

77 

25 41 


West i’itli Isbiud 

iiT 9 

7 18 

H »» 

10 30 A.M. 

27 3t 

73 

25 50 

2r» 52 

West Coast Sand hill 

, 57 9 

7 22 

I, 1, n 

3 30 p.H. 

27 17t 

73 

26 4, 


Stoeyow.at. Coal Mand 


6 •‘J.'l 



■i in*" 


21 33 



, 1 A 

1 


inUJ, kll'pl. 1 1 
1 — ' 

lU {f A.M. 

1 

-iJ Dll 

2.J 

! 1 



* Fdiiibiirgii .'Vstronoiiiical Oteorvatioiw, tuI. xiii, ])lalf I(). 


Observers. 

Culver. 


OtUsr. 

»» 

)• 

Ciilv.'i', 


t !By Adih’s Varialiou lastruinont, mean of llirco nmlles. 



Chaimel Islands. 
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Coasts of England. 


Stations. 


Holy IsTiAND, Rons Links 

Warkwoiitii, CotiuofcR. ontranee ... 

SundeiUjAni), Roker 

Seaton Snook 

BniDLiNaTON Quay, near S. pier 

/ 

SruuN Point - 

\ 

Gibraltar Point 

Lynn, West side of How Out 

IIoLKiiAM Bay, on Sand Hill 

Orommu, near Li^jlilhoiiHo 

WlNTliRTON, on Siuid Hill 

Pakefieli), on Cliff Horili of 

Orfordnkhs, near High Liglithouso.. 

Earwioii, Beacon Cliff. 

BniNiiAM, River Oroucli 

I SiiriM'iiv Island, Sliolliuss 

Hortii Poreuni), near Obelisk ...... 

Walker, on bonch 

Portsmouth, Southsea 

Rat Island 

/Aldmney, noav Windmill 

noarB. end of Island 

near W. end of Island 


Lat. N 

Long. 

W. 

+E. 

Date. 

Qroonwieli 
ni(‘an iinui of 
observation. 

Ob- 

Horvi'tl. 

Deflijial 

Hetmliir 

ttliaiige. 

ctn, Wesii. 

t!?orrod<Kl. 

0 / 

0 / 


h ni 

e> / 

/ 

/ 


55 39 

1 47 

Sent. 0 

7 35 A M 

22 20 

43 

2l 37 


55 20 

1 34 

„ 0 

4 SJ5 r.M, 

22 2 

45 

2l 17 


54 5fi 

1 22 

1807, April 15 

a 40 A.«. 

21 40 

38 

21 2 


54 38 

1 10 

17 

8 30 A.M. 

21 31 

3!) 

20 52 


54 5 

0 12 

.. 1!> 

H 45 A.M, 

20 54 

39 

20 15 


53 35 

0 7+ 

1860, Sc])l;, 18 

7 5 A.M. 

20 40 

4(1 

20 0 




.. 24 

8 50 A.M. 

20 45 

43 

20 2 

.0 / 



>» j) 27 

5 5 r.M. 

20 43 

44 

19 59 

> lu i)D 



1807, May 10 

10 Oa.m. 

20 40 

41 

19 5(> 

/ 

53 (] 

0 194. 

„ „ 17 

8 Oa.m. 

20 16 

38 

19 38 


52 45 

0 23+ 

25 

10 45 A.M. 

20 13 

43 

19 30 

19 81 ' 



„ 27 

8 Oa.w. 

20 11 

31) 

19 32 


52 5H 

0 49+ 

„ „ 29 

7 30 A.M. 

20 17 

35 

19 42 

19 40'5 



„ 29 

0 0 r.M. 

20 19 

40 

19 39 


52 55 

1 19-1- 

.. j:<» 

0 Or,M. 

19 56 

41 

19 15 

19 M-5 



,, 31 

0 Oa.m. 

19 51 

37 

19 14 J 

52 4ii 

1 i2+ 

„ 31 

5 Ov.M. 

19 30 

4*1 

18 40 

18 49f» 



,) .Tmut 7 

8 Oa.m. 

19 29 

36 

IH 53 


52 27 

1 44-1- 

.. Ang. 30 

8 20 A.M, 

19 26 

40 

IH 46 


52 5 

1 34.f 

„ Soj)!;. 20 

9 45 A.M. 

19 36 

39 

18 57 

1 Ik 



„ „ 20 

4 25 iNM. 

19 40 

43 

18 57 

t 10 {)/ 

51 66 

1 17-f- 

HI 

1 10 0 A.M. 

19 39 

37 

19 02 









19 01 -5 



M H 10 

5 Or.M. 

19 40 

39 

19 01 


51 37 

0 49-f- 

>, 25 

10 0 A.M. 

19 45 

42 

lit 03 ■ 









19 02-5 



M » 25 

5 45 r.Ai. 

19 39 

37 

19 02 


51 22 

0 67-1- 

II II 26 

4 0 r.M. 

19 36 

41 

18 55 1 

Iti tti!f 



» ,1 27 

9 15 A.M. 

19 ,36 

39 

18 57, 

■ 10 011 

61 28 

I 26-1- 

,, .1 30 

4 15 r.M. 

19 19 

40 

18 39 1 

18 38 



„ Ooi 2 

9 0 A.M, 

19 18 

41 

19,')7J 

51 12 

1 24+ 

1866, July 24 

7 20 A.M. 

19 59 

52 

19 07 


60 47 

1 5 

1866, Deo. 27 

3 10 r.M. 

20 32 

44 

19 48 "] 




1867, July 20 

4 25 r.M. 

20 24 

42 

19 42 

19 59 

50 48 

1 6 

1871, Sopi 9 

5 0 r.M. 

20 28 

1 

20 27. 


49 42 

2 13 

1863, April 23 

9 45 A,M. 

21 18 

60 

20 12 




,1 „ 24 

10 45 A.M. 

21 17 

71 

20 00 




II >1 23 

1 1 40 A.M, 

21 16 

70 

20 06 









-20 n '5 



II II 24 


21 9 

72 

19 67 


49 42 

2 14 

11 II 23 

10 45 A.M. 

21 31 

68 

20 23 




I. ,, 24 

12 15 a.m. 

21 37 

72 

20 26 J 



()l>serv('rs. 


(.‘tdver. 




M 




Calvt'r. 


T« 


M 


>1 


n 


M 




V 


It 


Kvanfl, Staff Cap* 
tain, B.N, 

Miiyes, Si.'iffCoiu- 
niiiMtior, It.'X. 


T. Riolinvds Sinir* 
(JoDiniiindi'r/.lt.N.! 
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Channel Islands. 


STAIT CAPTAIN E. J. EVANS ON THE 
Coasts of England (continued). 


Stations. 


Lat. N. 


^ Jemey, near Eoselle Mill .. 
Boulez Q-uai’d-house 


Gctersset, Castle Cornet , 
Doyle coliirau. 
Icart Barrack . 


PmiouTn, Deronport 

near Eeybam Dockyard .... 

SciniY Isles, Menewethan 

Great Ganilly 

St. Martin, at daymark 

St. Mary, Newfoundland Point| 
Peivinnis Point ... 
Bound 


St. Helens 


Gugli 

St, Agnes, Hoi’so Point., 

OliTor's Caatlo 

Samson 

Bryor, Watoli Hill 

Shipman Head . 
Annet 


0 / 
49 14 
49 15 

49 27 
49 26 

49 25 

50 22 
60 23 

49 57 


49 58 
49 55 
49 54 
49 59 

49 58 

49 54 
49 53 

49 58 
49 5C 
49 57 
49 58 
49 54 


Meledgau 49 52 

Minicarlo 49 56 

Oorregen 49 52 

Rosevear ' 49 52 

Civlrn't'cliiiT; 149 53 


M[LF«»in IT vvi:x : 

r.rr' rin.ir.i 

?il 

Aoytauu 

Holyhead .; 


...'51 42 
... r.l 41 

...lul 42 


Fleetwood, tow liglithoiiso ! 

I 

S W.vi.YF.r Tsl-vyo, LiglillioiiiSi* 

! STOxvjinisT Mflgnclii: Obsm-atory... 

! 1- 


53 19 

53 56 

54 3 
.53 51 


Long. 

W. 


O / 

2 3 
2 6 

2 32 
2 32 

2 34 

4 10 
4 11 

6 15 

6 16 
6 17 
6 18 
6 19 

6 19 

6 20 
6 20 

6 21 
6 21 
6 21 
(5 22 
6 22 

6 22 
6 23 
6 23 
6 24 
6 25 

4 68 
4 67 
4 65 

4 37 

3 1 
3 10 
2 28 


Date. 


1863, April 16 
» .. 16 

,, 11 
„ 11 

» )> 13 

1866, Nor. 27 
186*7, June 28 

1863, July 8 
„ Nov. 9 
„ Aug. 27 
„ Sept. 18 
„ Nov. 12 
.. July 7 
.. Aug. 21 
„ 20 

„ Nov. 7 
„ July 10 
„ Si'pt. 17 

„ 0(it. 2 

„ July iO 
„ Aug. 24 
„ HopU 29 
„ Aug. 14 
„ Sept. 1 1 
„ Oofc. 22 
„ Nov. 13 
„ Oct. 17 
„ „ 17 

» 17 


1860, Dec. 20 

)i » 10 

1871, Oot. 24 


.\ug. 10 


„ 11 
May 23 


Greenwich 
mean time of 
observation. 


h in 
9 45 A.M, 

0 20 ]*.M. 

10 50 A.M. 

0 35 p.M. 
3 10 p.M. 

3 30 p.M. 
8 15 A.M. 

p.M. 

2 P.M. 
I'.M. 
P.M. 

Noon. 

p.M. 

3 P.M. 
P.M. 
P.M. 
P.M. 

11 30a,m. 

P.M. 

Noon. 

P.M. 

p.M. 

p.M, 

P.M. 

3 30 p.M. 

11 A.M. 

3 15 I'.M. 
11 A.M. 

1 P.M. 

1 30 P.M. 
Noon. 
Noon. 

3 45 p.M, 

4 0 p.m;. 

8 45 A.M. 


11872 (1“‘I9' diiTercncu from Greenwich)* 


Doelinaiion, West. 

Observers. 

Ob- 

.sorvod. 

Secular 

change. 

Corrected. 

0 / 

/ 

0 / 



21 23 

70 

20 13^ 

0 / 





.20 16 

J. Biclmrds, SI tiff 

21 34 

75 

20 19 J 


C()iniJiaiKkir,]i.N. 

21 38 

72 

20 26' 



21 36 

76 

20 20 

.20 24 

TJ 

21 37 

71 

20 26^ 



22 18 

43 

21 35 1 



21 58 

36 

21 22. 

21 28-.5 

Mayes. 

23 14 

71 

22 3) 



23 14 

65 

22 5) 



23 18 

70 

22 8 



23 56 

70 

22 46 



23 17 

65 

22 12 



23 6 

72 

21 51 

[22 01 

G.'W'illinmH, 

23 9 

71 

21 .58 


Cnplaiti, B,N. 

22 45 

68 

21 37 



22 49 

64 

21 15 



23 15 

68 

22 7 



22 38 

68 

21 30 J 



22 55 

67 

21 481 



23 26 

72 

22 14 



23 22 

(i9 

22 13 



23 11 

68 

22 3 



23 7 

69 

21 .58 



23 8 

70 

21 58 

■ 22 03-6 

Williams 

23 21 

66 

22 18 


(mi(ifmctl). 

22 52 

64 

21 48 



23 6 

63 

22 3 



23 21 

65 

22 16 



23 13 

72 

22 1; 



22 57 

44 

22 13 ^ 


:n. J. Bodford, 
OujJtain, K.N. 

22 20 

•16 

21 41 

21 .57 

n 

QO 

n 

21 57 , 


J. liiobards. 

22 58 

7 

22 51 



22 8 

7 

22 01 


» 

22 20 

3 

22 17 


Ji 

jcnwidli)* 


21 29 




Krw Jlugiietie Obsevviitoi’y jol28i 0 19 |lS72 (0°25' diJlerunpe fri)!!i Gri'ciiwii']i)'|' j 20 0,5 


^ Mean of 7 yeaw* eomparisou. 


t Mean of 14 years' comparwon. 


PEESENT VAEIATION OP THE COMPASS. 
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Coasts of Ireland. 


Stations. 

Lat.N. 

Long. 

W. 

Date. 

Groou wicli 
moan time of 
o))Horvatioiu 

Ob- 

Horvod. 

])ooliiuiti( 

iSeonlMr 

cluni/'o. 

)n, WOBt. 

Covnuiod. 

Obsorvora. 


0 / 

0 / 


)i m 

0 / 

f 

0 / 



BeTjPAst, near Aborcorn Basin 

5-1 3(i 

5 55 

18fi9, July Ifi 

9 55 A.M. 

21 15 

22 

23 53 


('alvei’. 

KiNGflTOH, Ilavbouib North pioi* 

53 18 

6 7 

1871, Aug. 8 

3 30 i'.M. 

23 31 

4 

23 27 


.T. Ttioluu'ilH. 

AuktjOiv, Ovoca. Rivor (ontranco) 

52 47 

fi 9 

.. .. 5 

4 10 i‘.M. 

23 38 

8 

23 30 


n 

Oauoiib Point 

52 .34 

B 12 

„ July 2(5 

3 40 i*.M. 

23 21 

5 

23 10 


i» 

Wexpoiu), South Bay, Oarnsoro dill* ... 

S2 15 

C 20 

J) II 

(5 50 A.M. 

23 17 

+8 

23 25 


11 

Bbrisiiavrn : 










Dinish Island, liighost part 

51 

fl 51 

180(5, July 9 

(5 35 I'.M. 

2(5 09 

50 

25 19 1 

n / 










-25 16 

Moi’iaH.y, SI all' 

Boro IhIuucI, Palmer Point 

51 39 

9 47 

.. 11 

5 .50 A.M. 

25 59 

4(5 

25 13 J 


(.'aplniii, It.N. 

Yalentia, Mtttoorologiwd Obsorvaiory. 

51 .55 

10 18 

1808, Oct, 23-27 

A.M. & I’.M. 

25 52 

31 

25 21 1 










1 

25 13'5 

Buv. T. Ivcvt’. 




1871, Scpl,. -1 


25 13 

7 

25 0. 






18-30J 







Galway, on Groou near Dock 

53 Ki 

9 3 

1869, May 2(5 

10 15 A.M. 

25 18 

25 

24 53 

j-2-l 50 

('alvur. 




„ Juiiii 9 

4 0 I’.M. 

25 28 

29 

24 59 



TCilumkos, Bough Point.. 

54 38 

8 20 

„ 23 

10 20 A.M. 

25 42 

2(5 

25 1(5 

.25 17 





u 2(5 

7 20 I’.M. 

25 41 

23 

25 18 



.......p,.. Ill 1 III -1 fi- 1 1 

- — 


„ ,u.* w.. , 






.11. , 


Annual cliange of Westerly Declination on coasts of Unit(i(l Kingdom bidweoji the 
Epochs 1842'5 and 1872 [20-5 years], obtained by comparison with Sir Eowaiu) 
Sabine’s Declination Map in Philosophical Transactions for 1870. 


Shetland Islands and N.E. 
Coasts of Scotland, l)e* 
tween GOtli and fiStli 
parallels. 


East Coast of England, 
between 56th and Slst 
parallels. 






Aimual 

Mivui 



0 

j/i n. 

(teen'iiHo. 

value. 

Lerwick 

1842-5 

1873-0 

27-201 

22-75 J 

[ 4-45 

r 

= 9*06 1 


Wick 

1843*5 

1873-0 

27-101 

2;K)0j 

[ 3-go 

= 7*93 1 

r 






> B‘24 

Peterhead 

1842-5 

1 873-0 

26-351 

22-35 J 

^4-00 

ss 8*14 


St. Abbs 

1843-5 

1873-0 

25-851 

22-00 J 

^3-86 

« 7*83 ^ 


poly Island 

1842-6 

1873-0 

26-50] 

21-65 J 

[ 3 * 86 , 

= 7*83 


Flamboro’ Head ... 

1842-5 

1873-0 

24-201 

20-40 J 

^ 3*80 

= 7*73 







!s 7*78 

' Cromer 

1843-5 

1873-0 

23-101 

19*30 J 

L 3*80 

=: 7*73 


North Foreland ... 

1842-5 

1873-0 

22-65 1 

18-85 1 

3-80 

= 7*73 
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ON THE PRESENT VARIATION OP THE COMPASS. 


Annual change of Westerly Declination (continued). 


Annual Mean 
doevoaso. value. 


Dungeness 1843*5 

1872*0 


Portsmouth 1 842*5 

1872-0 


South Coast of England, 

fromDungenesstoScilly, I ,84g.5 

including Channel ls-< 1872*0 

lands, between 51st and 

49tli parallels. Plymouth 1842*5 

1872*0 

Scilly Islands 1842-5 

^ 1872*0 

^Milford 1842*5 

1872*0 

Wexford 1842*5 

1872-0 


Irish Channel, between 
52nd and 54th parallels. 


Ireland, S.W., West, and 
N.W. Coasts: S2nd to- 
55 th parallel. 


Hebrides and West Coast 
of Scotland : 66th to 
58th parallel. 


Dublin 1842*5 

1872*0 

Holyhead 1842*5 

1872*0 

Calf of Man 1842*5 

1872*0 

Can tyre (Mull) ... 1842*5 

^ 1872*0 

'‘Martin Head 1842*5 

1872*0 

Sligo 1842*5 

1872*0 

1 Galway 1842*5 

1872*0 

Valentia 1842*5 

1872*0 

Cork 1842*6 

1872-0 

''West Coast of Islay 1 842*6 
1872*0 

Kyle Akin' 1842*5 

1872*0 

West Coast, Outer "1 1842*6 

^ Hebrides j 1 872*0 


22*75 

19*00 

23*70 

20*05 

24-00 

20*40 

24*96 

21*40 


3*75 = 7*63 


3*65 = 7-43 


3*60 = 7'33 > 7-34 


3*55 = 7-22 


25*80 1 


22*30 


25*76' 


3*50 = 7-12 


26*65-1 

23*25 / 

27- 00 \ 4 
23*55 J 

26*20 X .1.^,, 

22*65 / 

26*55 X.._ 

37-60 "1 
24-00 / ’ 

28 - 30 1 J ,, 

35*05 / 

25*30/’^*^^ 


> 7*10 


6-61 ) 


6-10 y 6-26 


28-30 
26-35 / 

I 3-16 

24-36 
24*60 / ^ 

28*26 X « Krt 

24*76 / 

29*40 X 

26-20/ 
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XV. Oil the Specific Heat and other Physical Characters of Miadiircs of Methylic 
Alcohol and Water, and on certain relations existlny between the Specific Heat of 
a Mixture or Solution and the Heat evolved or absorbed in their fonmtion. By 
A. Dupke, Ph.I)., Lecturer on Chemistry at Westminster Hospital. Comnmuicated 
by William Odling, M,B. 


Hocoivod April 4, — ^llcad May 16, 1872. 


The pure methylic alcohol was prepared according to the following process, devised by 
Mr. CnAPMAN’. Kectified wood-spirit is mixed with its own hullc of a saturat(5d solution 
of calcium chloride, the mixture is heated to boiling and allowed to stand over night. 
The layer of oil found floating on the surface is carefully removed, and the fluid under- 
neath is mixed with about one volume per cent, of a saturated solution of lead acetate. 
An amount of sulphide of ammonium, not (piitc suflicient to precipitate all the Itiad, is 
next added, the precipitate, which carries down much colouring-matter and many minute 
globules of oil, is Altered off, or allowed to subside, and the (!l(.'ar lluid is distilled. To 
this distillate caustic soda in coarse powder is added, and afttu’ standing sonie time it is 
diluted with water and again distilled ; much nisinous matt(.'r is thus nmioved, and the 
acetate of methyl is decomposed. The specifle gravity of tins K(‘cond distilliite is now 
brought to about *82 (if necessary, by treatment with potassium carbouahj), aften* which 
it is mixed with one fourth of its bulk of a saturated solution of bisulphite of ammonium. 
The mixture is allowed to stand for several days, and is then lllterod and distilled from 
a water-bath ; to the distillate a little sulphuric acid is added, and it is then rcjdistillod, 
also from a water-bath. Finally a slight excess of caustic soda is added, and the luiuid 
is once more distilled, when pure methylic alcohol passes over, Avliich is rendered nnhy- 
drous by several distillations over caustic lime. The purity of the spirit is tested by 
oxidizing 20 grammes of it with an excess of bichromate of potassium and sulphmic 
acid, when it should yield no tiling but carbonic acid and water. 

The spirit thus prepared was perfectly miscible with water in eveiy proportion ; it had 
at 10® 0. a speciAc gravity of *81371, boiled at 58°*G C. at a pressure of 757*4 millims., 
and had a speeifle heat of 68*325 between the temperatures of 60® and 18®. 


Section I . — Specific Heat, 

The mixture*, the speciAc heat of which is to be estimated, is enclosed in a small 
annular brass vessel, which can be closed hermetically by means of a screw-plug. In 
the inner cylindrical space a flin-Avliccl is flxed, acting as a stirrer when the ^■essel is 
* For tho inclliod ciuijloyctl for the preparation of inixtures of the exact streiigUi clerii’od, see Soction T. 
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DE. A. DTJPEli ON THE SPECmO HEAT AND OTHEE 


rotated under water. This vessel, when filled, is heated in a Hegnault’s steam-oven by 
the vapour of methylic alcohol ; and when the temperature has become constant it is 
lowered into the calorimeter, hooked on to a wire, and made to spin round underneath 
the surface of the water ; a second observer meanwhile watches the thermometer of the 
calorimeter. The temperature of this rises, rapidly at first, more slowly towards the 
end, and reaches a maximum in from two to three minutes. The thermometer is 
observed during the next succeeding 1 to 1-J minute, and the fall observed is added as 
a correction to the highest temperature reached. The results obtained arc not quite as 
concordant as those yielded by the method chiefly employed in estimating the specific 
heat of mixtures of ethylic alcohol and water (Philosophical Transactions, 1809, p. 591), 
owing principally to the difficulty of keeping the temperature of the steam-oven con- 
stant for a sufficient length of time when the vapour of methylic alcohol, instead of 
steam, is used for heating. Methylic alcohol has, however, too low a boiling-point for 
the successful application of the former method. 

• From the data obtained the specific heat of the mixture is calculated by help of the 
’ following formula : — 

100 w(T— i') m’ 

wherein C is the specific heat sought, . 

W the water value of calorimeter and contents (water, thcmiomotcr, and calorimeter 
itself), 

t temperature of calorimeter at the beginning, 
f temperature of calorimeter at end, correction added, 

T temperature of steam-oven, 

’ m weight of mixture employed, 

water value of annular brass vessel, 
if temperature of calorimeter at end, without correction. 

In the following Table the experiments marked with an asterisk wore made with 
metbylic alcohol of one preparation, tliose not so marked with spirit of another prepa- 
ration. 

Table I. 


Amount of water in calorimeter lloG'OGG nrms. 
Water value of calorimeter 8‘565 grins. 

Water value of annular brass vessel (w,) was 0*8337 
asterisk, and 0*0572 grms. in the others. 


grms. in all experiments with an 


W'ater value of immersed part of thermometer 1*189. 


Time occupied in each experiment, 3 to 4-| minutes. 



PHYSICAL OIIAEA.CTEBS OP JSriXTUHES AND SOLUTIONS. 


SiArit 10 i^er cent. 


ISxporimont. 

m. 


T. 

A 


Vf 

i". 

C. 

1. 

SS-140 

12-7 

52-65 

ii-oo:{ 

12-965 

0-000 

12-965 

97*828 


52-140 

13*5 

53-15 

11-980 

13-940 

0-000 

1 3*940 

99*054 

3^. 

54-351 

20-8 

62-80 

19*042 

21-174 

0-014 

21-188 

98-062 

4*, 

64-111 

20-8 

62-45 

18-283 

20*456 

0-014 

20-470 

99*.’J87 


Mean specific heat of spirit of 10 per cent. 98 '582. 


Spirit 20 per cent. 


Experiment. 



T. 

t. 


V. 


C. 

5. 

49-735 

13v5 

53-75 

12-55G 

14-380 

0-000 

1 4*380 

95-266 

6. 

49*735 

14-7 

55-15 

13-728 

1 5-589 

0-000 

15 -.5 89 

96*935 

7. 

4<)*735 

16-0 

58*15 

13*880 

15-860 

0-000 

15-860 

96-4 15 

8*. 

51*831 

19*6 

60-60 j 

18-839 

20-740 

0-0 16 

20-756 

95-015 


Mean sjxicific heat of spirit of 20 per cent. 05 • 91. 4. 


Spirit 30 per cent. 


Expen niont 



T. 

t. 

i! 

V, 

t". 

U. 

y. 

51*390 

11*0 

55-62 

10-29G 

12-279 

0-010 

12-289 

91-113 

10. 

51-390 

10-0 

54-52 

9-968 

11-925 

0-0 10 

11-935 

91*856 

1]*-. 

51*151 

19*0 

59*8 

3 7*101 

3 9*017 

0-000 ! 

19*017 

93*7<>M 


50*831 

19*3 

GM5 

1H-G17 

20-484 

0*030 1 

20*514 

93-595 


Mean specific heat of spirit of 30 j)or cent. 02*058. 


Sx:)irit 40 x^cr cent. 


Exiierimont. 


i'". 

T. 

t. 


V. 


0. 

13. 

01-383 

13-0 

52-90 

11-960 

13-718 

0-000 

13-718 

88-891 

14. 

51-1 l.l 

15-0 

.“i2-S0 

12-703 

M- ir? 

O-OOO 

M-412 

>i'~'110 

IS'^. 

50-0,:.. 

17-3 

6 1 • .'i 1 

17-07.0 

1 

' 0-005 

i .-'*1 "is 

s;c7m-i 

16*. 

49*580 

19-9 

ro-30 

J •'.•!<5i.) 


j O-OOi) 




Henn specific heat of sx)irit of 40 x^cr cent. 89*219. 


Sx>irit 50 x^cr cent. 


1 Kx])cviuuMi!., 
1- — 

//A. 

i"\ 

.. . 

'i:. 

i 


•v. 

r. 

<■: 1 

17. 

49-890 1 

10-2 

56-48 

! J0-05G I 

1 1-874 

0-010 

1 1*884 

82-45(1 i 

18. 

50-220 i 

130 

50-90 

1 ll-OOl 1 

1 3-203 

0-000 

1 3-203 

8.1-443 : 

IQ'*. 

40-4!)! ; 

21-0 

G0*95 

, J9-H40 1 

21‘49'1 

■ 0-000 

21-494 1 

84-867 j 

20^. 

49-281 I 

' 1 

21-0 

j Gl-00 

i 3 9*605 ! 

21-278 

1 0-000 : 

21-278 

S.')-817 


Mean specific licat of sxfirit of 60 per cent. 84*045. 


t tcn’pcr.-iiuro of jiir. 


2 z 2 


.-J: V, cnn:ecl.i(.nj adiltifl. 
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Spirit 60 per cent. 


Experiment. 


t'". 

T. 

t. 

t'. 

V, 


0 . 

SI. 

47*930 

13*5 

58*85 

11*379 

13-137 

0*010 

13*147 

80*338 

SS. 

47^834 

13*0 

55*90 

11*415 

13*073 

0*000 

13*073 

80*433 

S3*. 

48*471 I 

S1*0 

1 

61*30 

30*006 

31*558 

0*000 

31*558 

79*873 


Mean specific heat of spirit of 60 per cent. 80*177. 


Spirit 70 per cent. 


Experiment. 


f". 

T. 

t. 

f. 

V. 


0. 

34. 

46*980 

13*0 

56*15 

11*489 

1,3*046 

0*010 

13*056 

75*567 

35. 

46*980 

11*5 

56*65 

10*093 

11*704 

0*000 

11*704 

74*873 

36*. 

45*931 

18*4 

60*18 

17*087 

18*560 

0*005 

1 8*565 

75*491 

37*. 

45*311 

19*1 

58*10 

18*030 

19*383 

0*008 

19*391 

76*071 


Mean sjpecific heat of spirit of 70 per cent, 75*500. 


Spirit 80 per cent. 


; Tl.'C'.vv'-.ror.t. 


jU/ 

T. 



V. 

I 


38, 

44*180 

11*1 

55*65 

10*335 

11*756 

0*000 

11*750 

70*:{99 

39. 

44*180 

11*7 

58*16 

11*340 

13*713 

0*005 

13*718 

70*818 

30^. 

45*631 

31*1 

68*50 

30*396 

31*530 

0*000 

31*520 

69*643 

31*. 

44*601 

3M 

59*90 

30*074 

31*330 

0*000 

31*330 



Mean specific heat of spirit of 80 per cent. 09*909. 


Spirit 90 per cent. 


Experiment. ^ 

w. 


T 1 / 

1 ■ 


V. 

7 . . 

0 . 

32. i 

43*660 

11*0 

.5S--18 

9*965 

11*385 

0*000 

11*385 

65*303 

33*. 1 

44*156 

31*4 

60*45 

30*353 

21*620 1 

0*000 j 

31*530 

63*770 

34*. ! 

1 

42-681 


59-20 

16*981 

18*187 

0*000 ! 

38*1S7 

! 61*346 

35*. , 

43*016 1 

31*0 

62*20 ■ 

20* 130 

21*294 

0*014 1 

I 21*308 ' 

' 63*706 


Mean specific heat of spirit of 90 per cetic. 04*:i82. 


Spirit TOO per cent. 


Exporiraont. 

1 on. 

t'". ^ 

t! 


r. 

V. ' 

-T - — 

1 

C. 

36. 

\ 43-029 

13*0 

58*05 

1 11*225 

12*465 

0*000 

' ]2*46r> 

58*364 

37. 

43*679 

23-2 

59*65 

[ 12*465 

13*695 

0*000 

• 1 3*695 

57*548 

38. 

42*429 

14*1 

C0*75 

! 13*289 

j 1 4*54 5 

0-000 

: 14-545 

59*036 

39*. 

42*58() 

i 17*9 

51-20 

! 17*067 

i 17*969 

! 0*004. 

i 17*973 

. 58*635 

40*. 

42*116 j 

18*0 

59*60 

■ 17*083 

! 18*109 

■ 0*000 

! 18*1 99 

58-494 

41*. 

1 

41-341 ; 

18*1 

o9*70 

; 17*510 

1 18*619 

i 0*006 

. 18*625 i 
1 1 

: 57-985 

1 


Mean specific heat of ahsolutc mcthylic alcohol 58*3:>r). 
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Table II. 


Por cent., by weight, of 
nbsoiiilo nn'lliylic 
iileoliol. 

Spocifio heat found. 

Specjillc heat 
calculated. 

Difforouco. 

10 

98*582 

95*832 

+2*760 

20 

95*914 

91*665 

4*249 

30 

92*658 

87*497 

6*161 

40 

89-319 

83*330 

5*889 

60 

84*645 

79*162 

5*483 

60 

80*177 

74*995 

5*182 

70 

75*500 

70*827 

4*673 

80 

69*999 

66*660 

3*339 

90 

64*282 • 

62*492 

1*790 

100 

68*325 




Section II . — Heat prochced hy the mking of Methylie Alcohol and Water. 

The amount of heat produced is estimated as follows -An annular vessel made of thin 
brass, such as described in the section Specific Heat, and capable of holding about 100 
cub. centims., is immersed in the water of the calorimeter. The vessel lias two openings 
provided with short tubes, which reach above the surface of the water when the whole 
body of the vessel is submerged. Through one of these tubes passes tightly a rod con- 
nected with an efficient stirrer moving up and down the annular space ; the other tube 
carries a small glass funnel which can be closed by a stopper. The experiment is con- 
ducted as follows : — One of the two liquids is weighed out in the brass vessel, the otlun' 
is weighed out in a thin glass bulb, the quantity of liquid remaining in the bulb when 
it is emptied, and that which adheres to the sides of the small funnel, which experience’! 
had shown to be a very constant quantity, being allowed for, so that the exact amount 
of liquid necessary is delivered into the brass vessel. The brass vessel is now fixed in its 
proper position in the calorimeter, which is then filled with water a little below the 
temperature of the room ; and the glass bulb containing the other liquid is also imm,ersod 
in the calorimeter. After the lapse of fifteen minutes, the water in the calorimeter 
Iraving been stirred from time to time, the temperature of the various fluids has become 
equalized. The glass bulb is now taken out without touching it witli the hand, and its 
contents arc poured rapidly through the funnel into the brass V(,'ss(,!l; the ruimol is 
closed, and the two fluids in the brass vessel thoroughly mixed by moans of the stirrew. 
The temperature of the water in the calorimeter, which is constantly stirred, reaches a 
maximum in from 4 to 5 minutes ; it is observed during 2 or minutes longer, and 
any fall observed is added as a correction to the highes^t temperature reached. As, 
however, the Avholo rise is small, this correction usually amounts to very little, and fre- 
quently to nothing. Prom the data thus obtained the heat pi-oduccd by mixing the 
liquids in the brass vessel is calculated, the water value of the mixture in the brass 
vessel being of course added to the water value of the calorimeter and contents. 
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. Table III. 

Water value of calorimeter 8*664 grms. 

Water value of immersed part of thermometer and stirrer 2*024 grms. 
Water value of annular brass vessel 5*362 grms. 

AVater contained in calorimeter 1156*666 grms. 


Quantities taken of 

Per coni., by 
weight, of 
alcohol in 
mixture 
produced. 

Teinperaiuro of 
ctiloriiuetor at 

Loss by 

Corroctod 

Units of 
liput evolved 

Mean. 

Metliylic 

alcohol. 

Water. 

Beginning. 

End. 

radiation. 

rise. 

by 5 griiiB. of 
tlio inixUiro. 

7*850 

5*984 

70-650 

53-856 

10 

10 

19-655 

19-179 

19*930 

19*353 

0-000 

0-020 

•275 

•194 

21-896' 

19*965 


20-930 

13-438 

49-713 

30 

16-304 

16-560. 

0-004 

•360 

35-647 ■ 

1 

37*276 

11-350 

45-400 

20 

16*584 

16-944 

0-000 

•360 

38-913 

f 

33-434 

53-346 

30 

16*343 

16-862 

0-004 

•533 

43-433 ■ 

1 

44-744 

18-590 

43-376 

30 

17*449 

17*913 

0-000 

•464 

46-056 

f 

, 30-786 

46-179 

40 

16-44.3 

17*030 

0*004 

•577 

46-532' 


45-384 

30-636 

45*954 

40 

17*344 

17*886 

0-000 

•546 

44-236 j 


35-406 

35-406 

50 

16-08.3 

16*578 

0-000 

•495 

43-481] 


44-439 

33-113 

33-113 

50 

17*415 

17*890 

0-000 

•475 

46-877 J 


60-141 

33-437 

60 

16-508 

17*071 

0-000 

1 -563 

41-763] 


41-493 

33-030 

33-030 

60 

17-531 

17*904 

0-000 

*373 

41-334 J 


63-130 

33-336 

70 

16*944 

17*356 

0-000 

•413 

34-000 1 


34-456 

31-950 

13-693 

70 

17*930 

18-184 

0-000 

•364 

34-912 J 

r 

67*435 

14-358 

80 

17*061 

17*338 

0-010 

•287 

3-1-434 1 


,33-448 

30-464 

7-616 

80 

19*443 

19*563 

0-010 

♦130 

30-474 


63*335 

6-935 

90 

19*301 

19-446 

0-008 

•153 

i;{-444 1 

13-1(M 

33-498 

3-611 

90 

18-570 

18-619 

0-008 

•057 

12-984. J 



Section III. — Boilmg’-imnU, 

For methods and instruments employed in estimating the boiling-points, specific 
gimdty and rate of expansion, and the compressibility* (Sections III., V., and VI.), sec 
the paper ‘‘ On the Specific Heat and other Physical Characters of Mixtures of Ethylic 
Alcohol and AA^ntor,” by A. Duvnt, Pli.D., and P. J. M. Page, B.Sc., Phil. Trans. 1860, 
p. 591, Sections III, V., and VI. 

Tabic IV. gives the boiling-points found, the harouK^ter standing at 757*4 millims. 
The third column gives the boiling-points calculut(xl on the assumption that they arc 
proportional to the Aveiglit of the constitricnts. 


* Instcafl of using aa air-pump for forcing air into (Uc appsivalus, an iron LoitP, oontaming liqiufl carbonic 
nnhydncle Aras omplorcd. llic Avaicr in the apparaliie heing covci'cd with h layer of oil, to prevent abfiorption 
of earlionic aiihydndo, any desired pressure could easily be obtained hy simply taming the sorev-vuho of tli© 
iron bottle to tlicrccpiisitc extent and time. 
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Table IV. 


TA-.,-:.:..!';. v - 

il. 

a !,,- } 

Boiling-))oint 

observocL 

Boiliiig-poinl 

calculutcd. 

Diiroroneo. 

0 

99-93 



10 

82-57 

95-80 

13*23 

20 

75-26 

91-76 

16-56 

30 

70-68 

87-53 

lG-85 

40 

68-81 

8.3-40 

15-09 

50 

67-08 

79-26 

11-18 

60 

65-75 

75-13 

9-38 

70 

64-65 

71-00 

6-35 

80 

63-13 

66-87 

3-74 

90 

60-96 

62-73 

1-77 

100 

58-60 




Section IV. — Ca^yillarfj Attraction. 

The capillary attraction ia estimated as follows : — A somewhat wide glass cylindci*, 
the rim of which is accurately ground, stands on a metal frame with throe lovclling- 
screws, by means of which the rim of the cylinder can bo placed perfectly horizontal. 
On the rim rests a stout metal bar, through which are drilled three holes exactly at right 
angles to the lower face of the bar, so that a tube or screw iitting into one of these 
holes will stand vertical when the rim of the cylinder is horizontal. Two of thesis holott 
carry capilhiry tubes ; in the third a long fine screw, pointed at both ends, can ho scjrmved 
up and down. A mark is etched on each capillary tube, and by depre^ssing or raising 
the tube the liquid under examination is always made to rise exactly to this mark ; the 
influence of any irregularity in the bore of the tube is thus avoided. TTic experiment 
is conducted as follows : — The perfectly clean capillary tubes are put into their respective 
holes in the plate, and this is placed on the levelled rim of the cylinder. The mixture 
to be examined is poured into the glass, and a small (juantity of the liquid is sucked 
through each of the tubes by means of a suction-tube. The height of the tubes is then 
adjusted so that the lo-wer part of the menisci just touches the marked point of the 
tubes, 'flic screw is now r.arcfully screwed down until the point just touches the surface 
of the liipiid ill the cylinilcr ; this contact can be made with the utmost nicety. It now 
only remains to determine the vertical distance between the uppin* point of the screw 
and the lowest part of the two menisci in the tubes, when, the total longtli of the .screw 
being known, the eh;vation of the liquid in the capillary tubes becomes known. The 
Tertical distances are measured by means of a very (Lxccdlont catliclometov, uhich allo^Y.s 
the reading of 0*025 millim. 

Table V. gives the results obtained. 

Column 1 gives the percentage of nicthylic alcohol by weight. 

Columns 2 and. 3 give the obsci,Tcd licights of the threads in milliins. 

Columns 4 and 5 give the heights supposing water stood at 100 raillims. 

Column G gives the mean of columns 4 iirid 5. 

Column 7 gives tlie length of a column of water cfiual in \vciglit to the thread of 
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alcoholic mixture in column 6, and affords, therefore, a measure of the relative strength 
of the molecular attraction in the various mixtures. 

Column 8 gives the heights calculated on the assumption that they will be propor- 
tional to the weight of the constituents of each mixture. 

Column 9 gives the difference between columns 7 and 8. 

The observed heights given are in each case the mean of two closely concordant 
experiments. The temperature at which the experiments were made was 13®*5 C. 


Table V. 


1 . 

Alcoliol 
per caut. 

2. 1 3, 

Hoiglits obsorvod. 

4. 

v.v.i.-:- 

1 5. 

1 !■ 

0 . 

Mean of 
columns 

4 and 0. 

7, 

Bolativo 

molccnlai’ 

attraction. 

8. 

Height 

calcnlatod. 

1). 

Billbronco. 

Tubo 1. 

Tube 2. 

Tubo 1. 

Tubo 2. 

0 

74*575 

61*050 

100*000 

100*000 

100*000 

100*000 



10 

61*875 

35*325 

68*645 

69*001 

68*830 

67*818 

93*334 

-2.5*416 

30 

44*400 

30*075 

58*749 

58*912 

68*830 

57*264 

86*667 

39*403 

30 

39*550 

36*850 

53*332 

53*595 

53*463 

50*381 

80*001 

39*630 

40 

36*975 

35*000 

48*942 

48*971 

48*947 

46*353 

73*3.35 

27*083 

50 

34*925 

23*925 

46*313 

46*865 

46*5,38 

43*136 

66*()()8 

3.3*532 

60 

34*925 

33*650 

46*313 

46*327 

46*269 

43*170 

60*003 

17-H32 

70 

34*050 

33*135 

45*054 

45*398 

45*176 

40*034 

.')3*336 ! 

i;i*,303 

80 

33*370 

32*500 

44*033 

43*973 

43*997 

37*955 

• 16 * 6 (;<) 

8*714 

90 

33*100 

31*835 

43*474 

43*750 

43*61 3 

35*671 

40*00.3 

4*3.*{3 

100 

30*650 

30*850 

41*099 

40*843 

40*970 

33*337 




Section Y . — Sixicific Gravif// and Hate of Hw 2 )ammi. 

The mixtures arc made by accurately weighing out the required quantitic^s of absolute 
methylic alcohol and ^YateT. This is clone in two separate flasks, which arti afterwards 
joined together, air-tight, by a short india-rubber tube; and the thorough mixture is 
effected by repeatedly pouring the fluids from one flask into the other through the tube. 
In some of the mixtures a considerable rise in temperature takes place ; but as the mixing 
is effected in a closed vessel no loss of alcohol is oxporieiK’cd. The flasks, still kept con- 
nected, are allowed to cool; the mixture is put into u. bottle, which should not be less 
than three quarters filled, and the air is exhausted from the bottle. Iti this state the 
bottle is allowed to stand over night, by which means the air dissolved in the mixture 
is got rid of without appreciable loss of spirit. 

Table VI. gives the observed specific gravities of tlie mixtures at tlu^ tompei,*atures of 
10° and 20° C., water at 4° C., taken as the unit, togolheu* wutli the calculated specific 
gravities at 10° and the difference between the observed and calculated specific gravities. 

Table VIL gives the expansion of 100 volumes of the mixture when heated froni 10° 
to 20° C., calculated from the data of the previous Table. TJic fignv(‘s in column 4 are 
calculated on the assumption that the expansion is proportional to the volumes of the 
constituents, the contraction taking place on mixing being allowed for. 

To facilitate this calculation (as also tlic compressibility), Table YIIl. gives iji 


PHYSICAL CHARACTERS OR MIXTURES ANH SCLUTIOXS. 


339 


columns 2 and 3 tlic volumes of water and metliylic alcoiiol respectively contained, at 
a temperature of 10° C,, in 100 volumes of a spirit of the stren'jjth given in column 1. 
Columns 4 and 5 give the combined volumes of the two, before and after mixture 
respectively; and, lastly, column G gives the differences between 4 and 5, thus showing 
the amount of contraction having taken place in the formation of 100 volumes of the 
various mixtures. The figures in this Table arc calculated from those given in Table VI. 
By help of this Table the numbers contained in column 4, Table VII., have been calcu- 
lated thus ; — 

Let w be the volume per cent, of water contained in the mixture at 

m tlie volume per cent, of metliylic alcohol present at the same tem])ei’uture, and 
C the amount of contraction which has taken plac-c in the fonuiition of 100 
volumes of this mixture at 10° C., 

Then 100 volumes of this mixture at 10° C. would occupy at 20° 

X 100-1.54 Hi X 101 '290 
■ 100 ' 100 


volumes, on the assumption that the expansion is proportioned to the volumes of the 
constituents. 

The capacity of the specific-gravity bottle employed was at 10° Cl. = r)4r)'40Br> <;uh. 
centims., at 20° C. = 045-0G85 cub. ceiitiius. 

This bottle was brought to tlio (?xact temperature desired by immersion in a wattT- 
bath of special construction, for details of which see rhil()so])hi(;al 'IVansiudions, I8(!9, 
p. G08. 

Taijlis VI. 


Por isout. of ind'Jiylia 
alcohol, by weight 

Spoiiiflo gravity 
.It 10" 0. 

♦Specific gravity 
at U. 

^ SpiM-ilii' gnivily Jii- 


0 

99973 

99819 



10 

98632 

98384 

97762 

+ 870 

20 

97478 

97080 

95622 

1856 

30 

96222 

95675 

93573 

2649 

40 

94729 

94054 

91.611 

3118 

60 

92991 

92205 

89727 

3264 

60 

91048 

90207 

87923 

3125 

70 

88933 

88035 

86 I 8 B 

2745 

80 

86598 

85655 

84520 

2078 

90 

84054 

83079 

82916 

1 1138 

100 

81371 

80334 






MDCCCLXXn. 
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Table VIL 


Per cent, of 

iiiellivlic! alfoluA 

1 

by 

Tolutno at 

10" C. 

Voliinio at 

20" C,, found. 

Voluino at 

20® C., calculfil'.u(l. 

DiHorniico. 

0 

100 

100*154 



10 

100 

100*253 

10()*29;i 

~ 0-041 

20 

100 

100*410 

100*429 

-()-019 

BO 

100 

100*571 

100*563 

4*()’()()9 

40 

100 

100*718 

100-689 

4-0-029 

SO 

100 

100*853 

100-809 

•"I- 0*044 

60 

100 

100*932 

100-923 

+0*010 

70 

100 

101-019 

101-028 

-•0*0()9 

80 

100 

101-101 

101-124 

-0*023 

90 

100 

101*173 

101-212 

-0*039 

100 

100 

101*290 




Table VIII. 


1. 

Percent.,bywciglit, 
of ab.'’oliitc niflliylic 
nlc'ol'.ul. 

2. 

Yohimos of 
water. 

3. 

VoluniM of 
luclliylic 
alcohol. 

4. 

Ooinblncc 

ntibvo 

luixiurc. 

5. 

. volinnos. 

Afh'i' 

niixturo. 

6. 

Conlractioi 

10 

88-793 

12*121 

100*914 

100 

•DM 

20 

78*003 

23*985 

101*962 


l-9(i2 

30 

67*373 

35*475 

102-848 


2-B4H 

40 

56-853 

46*566 

103-418 

?? 

3-418 

50 

46-507 

57*139 

103-646 

)} 

;{-(i46 

60 

36-428 

67*135 

103-563 

» 

3-563 

70 

26-687 

76*505 

103-192 


3-192 

80 

17*323 

85*139 

102*460 

)} 

2-.l6() 

90 

8*408 

92*967 

101*374 

i 

?) 

1-374 


Sectiojk Yl.'^Codipmsihilitf 

Table TX. gives the compressibility of tlie various mixtures for the pressure of one 
atmosplicrc. 

Tlio numbers in column 5 ai*c oaloulateri on the assumption that the (‘.ompressibility 
of a mixture is, proportional to the volumes of its constituents, To the compressibilities 
found directly, 0*000002 is always added as a correction for the compressiljility of tlio 
piezometre. 
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Table IX. 


Weight of water contained in piczomctrc at 4°C. 114'9727 grms. 
1 millim. of capillary gauge =:0’00051717o cub. centim. 


Per cent;, ol* 
jiu'iJiylio 
iiIdoIioI, 
by Avciglii. 

Du|)roRsu)n 
orgnugc, ^ 
in iiiilliniR. 

TonipovM.turo, 
ill (h*yo(iH 
CVul-igrnclo. 

CoinjirosHibiliiy far 1 atinosphovo. 

3)Ll*rori‘ntv. 

.Kimnd. 

(!alt‘.uli\ 1 , 0 ( 1 , 


0 

10-10 

l()-8 

0-00004741 



10 

10 

9*29 

9 ’20 

]G-2 

l()-8 

-00004377 1 
•00004359 / 

000005497 

-0-00001129 

20 

20 

9-2S 

9*29 

15-9 

lC-2 

•00004372 1 
•000043.59 J 

•0000630.3 

•00001938 

30 

30 

9*12 

9*07 

15-3 

ir)-() 

•00004.300 1 
•00004278 / 

•00007052 

•000027C3 

40 

10-19 

17*4 

•00004781 

•00007758 

•00002977 

,')0 

10-49 

lC-5 

•0000491C 

•00008420 

■00003.')04 

CO 

11*88 

lC-4 

•00005541 

-0000902!) 

•00003488 

70 

1.3-27 

15-7 

•0000(ilC7 

•00009586 

•0000341!) 

SO 

l()-05 

lC-3 

*00007416 

•0001008.3 

•00002667 

90 

19*80 

15-2 

•00009103 

•00010511 

•00001408 

100 

23-75 

16-0 

•00010879 



...... 

_ - . — ... ..... 




....... — — ... 



All relations pointed out in tlic former paper, as existing l)(it\vi‘en tln^ various pro- 
perties of mixtures of ethylic alcohol and water, find their parallel in tlu^ inixturcis now 
under consideration. Certain sets o(’ properties ceine to a nr.ixinuim deviation from tlui 
calculated inoaa at the same strength ; in some cases the valiu'S found are always below, 
in others always abov(5 the calculated mean; and in both mixtures the rate of* expansion 
shows the same singular peculiarity, viz. of being for certain mixtures bt5lo\v, for others 
above the mean. 

Undoubtedly all the various physical cliaractcrs of mixtures must, to a certain extent, 
be dependent on each other, and no explanation of the relation existing between any 
two of them can be received which is not compatible with every other property observtsd. 
The relation existing between some of these characters BCems, however, to bo more inti- 
mate and direct than it is between others. Thus in this, as in the previous mi.xture, 
the specific heat and the heat evolved during mixture Jiot only come to a maximum 
deviation from the mean in mixtures of the same sti’cngth, but all mixtures evolving 
the same amount of heat during their formation possess a h-;:-' fl 

same amount above the mean ; and, moreover, the numcn'ical relation between tiiesc two 
values is the same for mixtures of every degree of strength. Hence, if the heat evolved 
in the formation of 5 grms. of any of the mixtures be divided by 7*9, the elevation of the 
specific heat of this particular mixture above its calcnhit( d moan value is obtained. 
Between the boiling-point and the capillary attraction a liii! .-i.Midur relation is 

found. If in this case tlio observed depression of the capillarity of any niixtuix’ below 
its calculated moan value bo divided by 1*9 (tlui h-apillarity of pure water taken as 100), 

* III fciic Dll ArixLiiri.\s nf EiliylLti Alftoliol and WiilDr, previously fjiiotcil, Hid ini)iiljfu'ii in. flio corm- 
spoiKliiig column (column tl, Tablo .X I ll.) rilmuid bu divided l»y I'our. 

O *\ *j 
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the depression of the boiling-point of this niixtiire below the mean is obtained. A 
similar, though less direct relation appears to exist between the compressibility of a 
mixture and the amount of contraction taking place in its formation. The numerical 
relation between these two values differs, however, in different mixtures, both being 
evidently governed by some additional factor. Lastly, it is also worthy of note that 
the compressibility of weak mixtures of methylic, as well as of ethylic alcohol and water, 
is less than that of water, rises to tiiat of water at an alcoholic strength of about 30 per 
cent., and continues greater for all stronger mixtures. 

It has been pointed out above that an intimate relation exists between the heat 
evolved during the formation of a mixture and its specific heat. This relation may he 
formulated as follows, in accordance with the principles of the mechanical theory of 
heat, as first pointed out by KmcniiOFF in 1858 (“ Ueber einen Satz der mechanischeii 
Warinetheorie und einige Auwendungeii dcsselben ; von G. Kiuchiioff,” Pogg. Ann. 
vol. xiii. p. 177). lielation existing between the specific heat of mixtures and the heat 
evolved during their formation : — 

1. The difference between the number of heat-units evolved during the mixing of 
given weights of two substances at the temperatures t and f! respectively is ocpial to the 
difference between the number of lieat-units required to raise the mixture, and that 
reqxtired to raise the two coustituouts taken separately, from tlu; lower to the higher 
temperature, provided the condition of the mixtures when tliey have boon bronglit to the 
same temperature is the same in both cases. Or let IJ and U' ho the iinitM of heat 
evolved by mixing x and y at the temperatures t and t! respectively, S, 8', and iS'' the 
specific heat of the mixture z and its constituents x and y respectively, then 

V^V’^z. S(t' ~t)^{x. S'(i> -t)+y, -t)}. 

2. If more units of heat arc evolved at the higher than at the lower temperature, the 
specific heat of the resulting mixture will be below the calculated mean ; on the other 
hand, the specific heat of the mixture will be above the calculated moan, if the greater 
number of heat-units be evolved at the lower temperature. 

3. The absoD'ptioii of a lesser ninnber of heat-units will he of course equivalent to the 
(‘volutioii of a greater number, while the e.bsorption of a greater number will bo oquiva- 
lent to the c\-olution of a smaller number of heat-units. 


JBthylic Alcohol and Watef'. 


Ill the formation of 5 grins, of a 10 per cent, mixture of ethvlic 
are evolved, at a temperature of 


alcohol and water 


17*295 a, 
71*15 C., 

Difference 


26*G8 units of licat. 


7*97 

18*71 


55 


55 

55 


55 
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lo raise 6 grms. of the mixture from 17° 295 C. to 71°'15 requires’ 27S'8G units. 
4*5 grms. water through same interval . . . 242*35 

0*5 grm. alcohol „ „ ... 10*27 

Total for constituents scpanitcly .... 258*02 258*02 „ 

Difference between mixture and constituents .... 2()‘24 


5 ? 


5 ? 


In the formation of 6 grms. of a 30 per cent, mixture arc evolved, at a temperature of 

17'387 C., 47-98 nnits. 


52-3 a, 22-10 
70-9 a, 10-34 


55 

55 


To raise 5 grms. of this mixture from 


17*337 to 52*30 requires 179*30 units, 
17*337 to 70*90 „ 274*79 „ 


To raise 3*5 grms. water from 17*337 to 53*30 requires 122*37 units. 


55 


1*5 grm. alcohol 


55 


55 


31*02 


Total units required to raise constituents 153*99 
To raise 3*5 grms. water Irom 17*337 to 70*90 requires 187*47 


55 


1*5 grm. alcohol 


55 


55 


48*55 


55 

55 

55 

55 


55 


Total units required to raise constituents 23(>*()2 

47*08- 22*10 =26*82=diffcrcncG in units of heat (wolved. 

179*3C-153*90=25*37= „ „ njquired. 

47*08- 10*34=37*64= „ ,, evolved. 

274*79 — 236*02=38*77= „ „ requin'd. 

The differences between theory and experiment are, therefore, in the above cases at 
least, extremely small and quite within the limits of almost nnavoidahle experijnenhil 
error. 

The number of units of heat evolved during the mixing of ethylic alcohol and water 
becomes therefore less the higher the temperature jit which the mixing taktis place. 
Assuming, then, that the above given formula (No. 1) is correct, it is easy to calculate a 
temperature at which the mixing of alcohol and water would not he accompanied by 
evolution of heat. U' becomes zero when 'U=z.S{f— f)'^ { iv . — t) — if) } . 

Let U be the units of heat evolved in the formation of 5 grms. of mixture at the 
temperature t, then the temperature T, at which no lj<.‘at is eA'olvcd on mixing, will be 


On making this calculntion for the various mixture's oxjunined, this temperature was 
found to ho S8’*2, S7°*G5 83°’5, 88'’*3, 86°, 84°*9, 7S°*4, 92"', and 129°*6 0. for mixtures of 
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10, 20, SO, 40, 50, 60, 70, 80, and 90 per cent, alcoholic strength respectively. Excluding 
the last temperature, as in this case a slight experimental error would greatly inliuence 
the result, the agreement between the rest is close enough to warrant the conclusion 
that the actual variations observed are due only to slight experimental error; and w(^ 
may therefore look upon the mean of all, namely 8G°'l, as being approxiiuatoly tlie tem- 
perature at which no heat at all would be evolved, whatever ho the proportion in ’which 
the alcohol and water are mixed. 

The idea at once suggests itself that tlie wliole of the phenomena iiiid('r considc'rntioii 
are due to dissociation. For evei’y given temperature an equilibrium may exist between 
the free alcohol and water on the one hand, and the compound formed between thc^ two 
on the other. A rise in temperatnre might he accompanied by dissociation of some of tlie 
compound p)resent, and consequent absorption of heat ; a fall of tempcratvin', on the 
other hand, would then he accompanied by reunion and consequent liberation of heat, 
whereby the apparent specific heat of the mixture would he augmented. The same idea 
has already been advanced by Pfauxdier, and also by Mauionag, to account for the 
observed deviations of the specific heat of many mixtures from their calculated mean value. 

A closer examination of some of the other properties of tiicsc alcoholic mixtrires docs 
not, however, tend to confirm tins sup])osition. Tims, as is well kiunvii, ennsidcwiihh^ 
contraction in volume follows the mixing of alcohol and wattu'; hut tins contraction is 
not, as might be supposed, in any degree proportional to the amount of henf (U'olved. 
Thus the maximum contraction takes place in a mixture containing about 45 per c(mt. 
of alcohol, whereas the maximnm amount of heat is evolved at an alcoholic strength of 
about 30 per cent. The maximum elevation of the specific licat above its calculated 
mciumnliLc is also ohservod at this strength of 80 per cent. ; and hence, in order to recon- 
cile the above theory with fact, we must assume on the one hand that tlm amount of 
combination taking place at any given temperature is greatest when 80 parts of alcohol 
are mixed with 70 parts of wat(T, and on tlic^ other that a given rise of temperature will 
produce in thi.s mixture of alcohol and water a greater amount of decomposition or 
dissociation than in any other. Wc should thus have the maximum amount of chemical 
action and the feeblest union both occurring witli one and the same proportion of alcohol 
and water. 

The rate of expansion of the various mixtures so(?ms also opposed to the supposition 
that dissociation is the cause of the Jiigii spccifto heat observed. Tt is to h(; supposed 
that the greater tlic amount of dissociation tlio more nearly W’ould the sp(‘ciiic gravity 
observed correspond to its calculated value. In other words, the rah' of expansion of 
all the mixtures should be above its mean value, and tliis excess should stand in sonic 
relation to the ohsei.’ved elevation of the specific heat. The following Tahh' -will show 
that this is by no meansi the case. It gives for spirits of 30, 20, and J 0 pijr cent, strength 
by. weight, tlie specific gravities as loiiiid and as calculated for the temperatures 0‘7 .10'', 
20'’, oO'", and 70’' C. The spcci’fic gravities for the temperatures 0, 10, 20, and 80 arc 
taken from the Tables of MEXDELEjiii’t’. 
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Tablk X. 


I?ompemLui*o, iti 

Specific gmrity. 

•greoa C!oiitigrauo. 

Found. 

OaltnilutuiL 


,30 per cent, spirit. 

0 

9(J.')40 

9.32G8 

30 


92907 

20 

97)40.3 

92490 

ao 

9477.1 

919BH 

70 

91GG9 

89389 


20 por cent, spirit. 

0 

97.')G6 

97)407 

30 

973G3 

953 42 

20 

96877 

94807) 

30 

9041, 3 

94380 

70 

93863 

92024 


3 0 per ctMit. .spirit. 


0 

93493 

97043 

10 

98409 

977)08 

20 

98191 

9727)9 

.30 

97892 

90914 

70 

97)817) 

94817) 


33i dbmu'ti. 


+ .‘L7ii 
:{()!) I 

nano 


+ 217)0 
2121 
2072 
2027 

38:10 


+ 8.'){) 
!)01 
o:i() 

07H 
3 000 


The specific gravity of the 30 per cemt spirit tlins ideally ttiiproaches moi’t' and inort^ 
to its calculated value ; in the case of the 20 per cent, spirit this approucli, though 
still perceptible, is, however, considerably less, both absoluttdy and proportionally, 
finally, with the 10 per cent, spirit, the jdienomcnon is actually reversed, tlu' ohservtnl 
specific gravity gradually receding from the specific gnivity as culcuhited ; and so far iVfun 
any dissociation being indicated, the opposite rather soems to take place. 

It may be well here to recall to mind that 6 grms. of a 30 jier cent. s])irit, when lu'aU.'d 
from 0® to 70® C., require about 25 units of heat in excess of what would be nccc'ssary to 
raise the constituents separately through the same interval. This (‘xcess amouutK to 
about 21 units with the 20 per cent, spiiit, and to about 13 units in the case of the 
10 per cent, spirit. No apparent connexion, therefore, seeins to exist between the ratr^ 
of expansion and the high specific heat. 


Mefhyllc Alcohol and Water. 

The groat volatility of methylic alcohol presents considerable difficulties to the accurate 
estimation of the various properties of these mixtures, more pai’ticularly as i(‘;i‘i;i’d.'j the 
specific heat and the heat evolved on mixing. In addition to this, the elevation of the 
specific heat of the various mixtures above the calculatc^d vahio Is hut small, and therefore 
c^’cii slight eiTors will have a much greater infiucnco on any calculations based on tlui 
difference between the values as found and as calculated. 
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10 per cent, mixture. 

In tlie formation of 5 grms. of a 10 per cent, mixture are evolved, at a temperature of 

§•8 C., 2 3- 6 5 units of heat. 

19-64 C., 20^> 

Difference 2-72 „ „ 


30 per cent, mixture. 

In the formation of 5 grins, of this mixture are evolved, at a temperature of 

6*4 C., 45-75 units. 

17-38 0., _44-74 „ 

Difference 1-01 „ 


Endeavours to estimate the heat evolved at higher temperatures hxl to still less satis- 
factory results. At the end of every experiment the mixture was found to \ m ) wt'akor 
in spirit than it should have been, from the amounts of water and alcohol talciMi; and 
this loss of alcohol of course diminished the amount of In^at ovolviul. T'his loss took 
place although the mixing was effected in a closed vessel. Nevcrtlieless thes(^ (xpinlijumts 
show distinctly that less heat is evolved at the higher tmuporature. 

C!alculatiiig, as in the previous mixture, the teinpcrature at which no licat would he 
evolved on mixing, the following temperatures arc obtained: — 152'", 175'*, 173”, 154'’, 
102°, 160°, 147°, 176°, and 146° -for strengths of 10, 20, 30, 40, 50, 60, 70, HO, and 90 
per cent, respectively; the mean of these temperatures is 156° C. These teiuperatures 
differ apparoiitly somewhat widely, and yet the maximum deviation from the mean found 


corresponds to a small error only in the estimation of the specific heat of the corresponding 
mixture. Thus the maximum differences are found at an alcoholic strength of 20 and 
80 per cent. The specific heat of these two mixtures as found is 95*91 and 09*99, 
whereas the specific heat corresponding to the above mean temperature of 156° would ho 
96*42 and 69*54; the difference in either case is less than yIo* of the total value. A 
glance at Table II. will show thsit in this, as in the previous mixture, the rate of expansion 
seems incompatible with the supposition that the high specific heat observed is caused 
by dissociation. For weak and for strong mixtures the rate of expansion is below the 
mean, for mixtures of middle strength above the mean; in the first two cases the 
amount of contraction is greater, in the last case it is less, the higher the temperature. 
The specific heat does not, however, show any corresponding change. 
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Water and Prusdc Acitl^. 

C N H one part. 

0 one part. 

Specific heat of prussic acid . . . -2940 

„ „ „ mixture found . ■ -8317 

„ „ „ „ calculated . *6470 

In the formation of 5 grms. of this mixture are absorbed, at a temperature of 

0 C., 20*61 units. 

14 C., 40*54 „ 

Difference 13*93 „ 


To heat 

9? 

99 


5 grms. of the mixture from 0” to 14° requires 58*219 units. 
2*5 „ of water recpiires 35*00 units. 

2*5 „ xu’ussic acid rcquircvs 10*29 „ 


45*29 45*290 


Difference 


12*929 


99 


Et hylic Alcohol and Ms'idiMde of Oarbo7h'^. 

OS 62*3 parts. 

C,HeO 37*7 „ 

Specific heat of bisulphide . . . . *2381 

„ „ „ alcohol . . . . *5790 

„ „ „ mixture found . . *3903 

„ „ „ „ calculated . *3606 

In the formation of 5 grms. of this mixture are absorbed, at a temperature of 

0 0., 6*850 units. 

21-9 C., 10*925 „ 

Difference 5*076 „ 

To heat 5 grms. of the mixture from 0° to 21°*9 requires 42*735 units. 

„ „ the constituents separately from 0° to 21°*9 „ 40*142 „ 

Difference 2*593 „ 

Solutions of Potassium Chloride. 

K Cl one molecule, or 12*12 per cent. 

HgO thirty molecules, or 87*88 „ 

Specific heat of solution, according to Thomson, *850. 

* Busar and Buionbt, Ann. Chom. Bliys. [4], 6. 

3 B 
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In the formation of 5 grms. of this solution are absorbed, at a temperature of 

8*9, 34*26 units of heat, 

66*65, 21*00 „ 

Difference 13*25 „ „ 

To heat 5 grms. of the solution from 8°*9 to 66'’*55 requires 24*500 units. 

To heat the water contained in the 6 grms. to the same extent requires 253*30 nnits, 

K Cl one molecule, or 7*052 per cent. 

HgO fifty molecules, or 92*048 „ 

Specific heat of solution, according to Thomson, *904. 

In the formation of 5 grms. of this solution are absorbed, at a temperature of 

9*0, 23*86 units of heat. 

64*3, 13*95 „ „ 

Difference 9*90 „ „ 

To heat 5 grms. of the solution from 9° to 04°*3 requires 249*95 units. 

To heat the water alone „ „ „ 254*50 „ 

Solution of Sodium Chloride, 

Na Cl one part. 

HyO 7*28 parts. 

Specific heat of the solution, as calculated from Thomson’s Tables, *8747. 

In the formation of 5 grms. of this mixture are absorbed, at a temperature of 

0*2 C., 11*25 units of heat. 

10*3 C., 9*00 „ 

me., 8*15 „ 

70 C., 0*00 „ 

To heat 5 grms. of this solution from 0°*2 to 70® requires 305*26 units. 

To heat the water alone „ , „ „ 306*85 units. 

Solutions of Potassium Nitrate, 

KN O3 one molecule, or 9*09 per cent. 

HgO fifty-six molecules, or 90*91 per cent. 

Specific heat of this solution, calculated from Thomson’s Tables, *909. 

Ill the formation of 5 gi*ms. of this solution are absorbed, at a temperature of 

6*5, 36*45 units. 

28*8, 34*85 „ 

Difference 1*60 
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lo heat h g-rmis. of this solution from r>°-5 to 38'’* 8 requires 83-17 units. 

To heat the water alone „ „ „ 83-17 „ 

KN O.j one molecule, or 4-7G per cent, 

H 2 O 112-3 molecules, or 05*24 „ 

Specific heat of this solution, calculated from Thomson’s Tables, -943. 

In the formation of 5 grms. of this solution are absorbed, at a tcm])erature of 

5 - 7 , 20-57 units. 

10*7, 19-10 „ 

Difference 1*41 „ 

To heat 5 grms. of the solution from 5°-7 to 19”*7 requires 00*01 units. 

To heat the water alone „ „ „ CO-GO „ 


The data for calculating* the heat absorbed in this and in the preceding solution arij 
taken from G raiiam, Otto’s ‘ Chemio,’ vol. i. part 2, by H. Korr. 

Solution of l*otassmm Ilydnito. 

K H O one molecule, or 9*4 per cent. 

II^O thirty molecules, or 90-0 „ 

Specific heat of solution, according to Thomson, *870. 

In the Ibrmation of 5 grms. of solution arc evolved, at a tmnperaturc of 

4*0, 54*05 units. 

31-0, 61*75 


Difference 7*70 






To raise 6 grms. of solution from 4° to 31°*G requires 120-885 units. 
To raise the water alone „ „ „ 125-030 „ 


Every one of tlic pi-eecdiu;.; eigh.l: mixtures conforms with proposition 2, and most of 
them also fairly enough with projiosition 1 , the only signal exception being the mixture of 
ethylic alcohol and hisulphido of carbon. A very close correspon douce can only be 
expected where all the necessary data liave been estimated with Mccuracy and a*, the 
required intervals of temperature. Some amount of error is, howiner. umuoidiible,- and 
that mixture which is least affected by such small errors, will serve best to bring out 
the real connexion existing between the various properties. Now none of the eight 
sets of mixtures considered equals the mixtures of ethylic alcohol and water in this 
respect, and we find accordingly that these most iKiarly conform to the law. These 
mixtures have therefore been chosen, not only as tlu^ best illustrations of the h'w, but 
also as a guide in tracing similar ndations bchveou the (‘.oi-respeuding- ])roi,»u'tics of 
other mixtm-es and solutions, relations which, being in those casi^s movi^ liable to be 
masked by small experimental errors, might otherwise have been overlooked. 
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Apart from all speculation as to the cause of these phenomena, for which the existing 
data seem insufficient, a more extended study of the relations pointed out cannot fail to 
throw much light on the vexed question of the constitution of solutions and mixtures. 

It is also evident that proposition 1 will enable us to calculate the specific heat of 
one constituent of a mixture if we know the specific heat of the otlicr, the specific heat 
of the mixture, and the units of heat evolved or absorbed at the two different ])oints of 
temperature between which these specific heats have been determined. 

This calculation will serve not only as a check on the accuracy of the A^arious experi- 
mental data mvolved, but may in certain cases enable us to calculate the specific heat 
of an element in a condition in which this could not be directly dctcrmiinid. If, for 
example, we can estimate the heat evolved or absorbed at two different temperatures 
during the combination of two elements, of which one is, say, in the nascent state, the 
specific heat of the element in that condition could be calculated. 

Lastly, these considerations show how important it is to give, in all cases in which 
the heat of combination &c. is estimated, not only the quantities of substance employcul, 
but also the exact temperature at which the experiment was performed. Without this 
the results are well nigh valueless. ^ 

Let z be the weight of a mixture, cs and the weights of its two couHtitiunits, U and 
U' the units of heat evolved at the temperatures t and t!, of which t is tlu'. lower, 
and S, S' and S" the specific heat of the mixture and of its two coiistituonts it? and // 
respectively ; then, if S and S' are known, wo have 

•i'J'-i'- 


If licat is absorbed in the formation of the mixtures, U and U' may he tabm as repre- 
senting the units of heat absorbed at t and ]{', and the above equation becomes correct 
if the signs for XJ and U' are reversed. 

The specific heats of the four solids aho\'e considered, calculated with the help of this 
formula, are as follows : — 


Potassium chloride from the weaker solution *147 

» « » » stronger '135 

jj j 5 . as estimated by Kopp directly . . . . T73 

Sodium chloride calculated *229 

55 55 as estimated by Kopp . *214 

Potassium nitrate from the weaker solution *227 

» 55 55 55 stronger , -192 

55 55 as estimated by Kopp . ‘2388 

Potassium hydrate calculated *274 

Potassium hydrate has not yet been directly estima^ted. 
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Explanation op the Plate. 

In the Plate the abscissae represent the percentage by weight of alcohol. 


PLATE XLVII. 

Upper Half. 

Curve 1. The ordinates give the specific heats, water taken as 100. 

Curve 2. The ordinates give the boiling-points in degrees Centigrade, at 767*4 millims. 
pressure. 

Curve 3. The ordinates give the capillarity in millims., water =100. 

Curve 4. The ordinates give the expansion for 10,000 volumes. 

Curve 6. The ordinates give the compressibility in millionths. 

Under Half. 

The ordinates in Curves 1 to 5 have the same significance as in the upper half, except 
that they give the deviation of the numbers found from the theoretical mean instead 
of tlie numbers themselves. 

Curve 0 gives the heat produced by mixing, the ordinates representing units of heat. 
Curve 7. The ordinates give the deviation of the specific gravity from the mean, for 1000 
volumes of mixture, at a temperature of 10° Centigrade. 

The zero line represents the mean value of all the properties. 

The points directly ascertained by experiment are marked either by a circle or a cross. 
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XVI. Contrihuticms to Terrestrial Magnetism. — No. XIIT. 
By General Sir Edward Sabine, K.C.B., Y.P.B.S. 


Received June 19, — Read Juno 20 , 1872. 

In this, the Xlll.th Number of the “ Contributions to Terrestrial Magnetism,” I have 
the pleasure of presenting to the Eoyal Society the Magnetic Survey of the North Polar 
Regions of the Globe, in a suitable form and arrangement to entitle it to be regarded 
as a companion to the Magnetic Survey of the South Polar Regions, presented to the 
Society in 1868 ; constituting, with the present contribution, a moiety of the Magnetic 
Survey of the Globe corresponding to the general epoch 1840 to 1845. The area com- 
prised in the present communication is coextensive with that of the South Polar Survey, 
and the epochs are the same, viz. 1840 to 1846, or more simply 1842*5; the chief 
distinction between the two surveys being, that the South Polar Survey is the work of a 
single nation, — executed by the authority of its Government and at the national expenses 
in the brief interval comprised between the years 1840 and 1845, and thus requiring 
no corrections to be introduced for secular change, a troublesonu^ and not very certain 
operation ; whilst its companion, the present communication, comprehendH the coopera- 
tive labours of many European and American contributors, acting for the most part 
independently of each other, within the limits of about twenty years pi’cccding, and 
twenty years following, the mean epoch of 1842*5 : the results, therefore, when 
brought together, require the introduction of “ corrections for secular change,” where 
these are practicable, and where they can be made with safety. 

The general form in which the observations collected in this Contribution are arranged 
is that of zones — each zone comprehending the observations of successive five degrees 
of latitude, in all longitudes, commencing with Greenwich as the first meridian and 
proceeding easterly until the circumference of the globe is completed. The zones are 
: in number : — 

Zone 1, comprehending from latitude 40° N. to latitude 46° N. 


Zone 2, 


55 

45° N. 

55 

60° N. 

Zone 3, 


55 

50° N. 

55 

66° N. 

Zone 4, 


55 

65° N. 

55 

60° N. 

Zone 6, 


55 

60° N. 

55 

65° N. 

Zone 6, 

5 ? 

55 

66° N, 

55 

70° N. 

Zone 7, 

55 

55 

70° N. 

55 

75° N. 

Zone 8, 

55 

55 

76° N. 

55 

80° N. 


Zone 8 includes also the few observations in latitudes exceeding 80° N. 
MDCOOIiXXII, 3 D 
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The values of the Declination and of the Inclination, recorded by the Hcvoral observers, 
being in themselves absolute determinations, require for their correlation no other e.or- 
rections than those for secular change. It is otherwise, however, in the case ot the 
values representing the Magnetic Force, pHw to the introduction ot the practice now so 
generally adopted of determining and recording the values of the Magnetic Force, at 
the respective base stations, in absolute uieasnre. Antecedently to the iin])vovenicnts 
in method and apparatus introduced by M, Gauss, it was the general practice! of luag- 
neticians to express their results in reference to the force at a Base Station re}»r(?sent('d 
by an ai'bitrary value, which in London was usually taken 1*372, or, as writt(‘n by 
M. Gauss, 1372. The base stations of British observers were commonly in the imme- 
diate vicinity of London, and as such may be fitly represented by the Kew Olmmtiory, 
where the absolute magnetic force corresponding to a definite epoch, and its variation 
by reason of secular change, have been for some years past carefully determined. In 
the Philosophical Transactions for 1863, Art. XII. p. 302, and in the British Asso- 
ciation Reports for 1861, p. 273, will be found the premises from which the following 
Table has been obtained, showing the (at least approximate) value of tlie Magnetic Force 
at the Kew Observatory in absolute measure in each year ])etwe(‘n 1830 and 1800*, 
which values have now been substituted at the corresponding dates for the arbitra,i*y 
value 1*372, the force at the other stations of the respective surve^ys being tsxpross(‘d 
proportionally : — 


1830, July. 10*27 

1831, „ 10*27 

1832, „ 10*27 

1833, „ 10*27 

1834, „ 10*27 

1835, „ 10*27 

1836, „ 10*27 

1837, „ 10*27 

1838, „ 10*28 

1839, „ 10*28 


1840, July. 10*28 

1841, „ 10*28 

1842, „ 10*28 

1843, „ 10*28 

1844, „ 10*28 

1846, „ 10*28 

1846, „ 10*28 

1847, „ 10*29 

1848, „ 10*29 

1849, „ 10*29 


1850, 

July. 10'20 

1861, 

„ io-2y 

1862, 

„ 10-29 

1863, 

„ 10-29 

1864, 

„ 10-29 

1865, 

„ 10-30 

1856, 

„ 10-30 

1867, 

„ 10-80 

1868, 

„ 10-30 

1859, 

„ 10-30 


1860, July. 10*30 
.1861, „ 10*30 

1802, „ 10*3() 

1863, „ 10*31 

1864, „ 10*31 

1865, „ 10*31 

1806, „ 10*31 

1867, „ 10*31 

1808, „ 10*31 
1869, „ 10*31 


In the general Table in which the observations collected in this memoir are arranged, 
the primary classification is in zones depending upon latitude as already stated, the 


position within the zone being dcteitnined by the longitude: the name of the observer 
and tho date of the observation arc given in all cases. iSo far the several enti’ies are 
simply statements of facts. The additional columns, — ^viz. those in which the endeavour 
has been made to assign corrections for the effects of secular change, in tho brief 
intervals between the dates of the observation a.nd the mean epoch (1842'5),— biiA c Ixieu 
supplied (with two notable exceptions) upon dm best judgment which a careful com- ’ 
parison of the facts so placed in juxtaposition has enabled me to make. Generally 


* .Since coutimiod to 
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speaking, and excepting for very special reasons, the limit of about eighteen years before 
and after the mean epoch has not been departed from. In the large contribution made 
by Dr. Lamoot, extending over a considerable portion of the European continent, I have 
only had to approve and to adopt his own estimate of secular change, and to apply the 
corrections accordingly. In a yet more extensive series, the well-known observations of 
MM. Hansteen, Eeman, and Due, in the northern parts of Eastern Europe and of Asia, 

I have been aided by my early and valued friend Professor Adolph Erman, of Berlin, by 
whom the secular corrections of the three elements at the Land Stations of the three 
observers in Zones 3, 4, 5, and 0 have been supplied. I am also indebted to Professor 
Erman for the secular corrections applied to the observations of W ran gel and Anjou 
in North-eastern Asia. 

For a manuscript communication of a large portion of the Magnetic Determinations 
on the coasts and islands of the Asiatic Polar Sea, I have been indebted to the early and 
valued friendship of Admiral Count LUtkb, himself a magnetician of no ordinaiy note, 
and who now holds the distinguished position of President of the Imperial Academy of 
Sciences at St. Petersburg. In assigning the Secular Corrections for these, and for 
other determinations around and eastward of the White Sea, I have been greatly aided 
by the publication (in the Russian language) of Captain Belavenetz, of the Russian 
Imperial Navy, Director of the Compass Observatory at Cronstadt. 

On the American continent, and until the Arctic Regions arc approached, the obser- 
vations themselves furnish on the whole satisfactory materials for the assignment of 
secular change. The Inclination, indeed, appears to have been nearly stationary in 
Canada and in the northern states of America for some years before and after the mean 
epoch of 1842*5 — a conclusion which is confirmed by the records of tlie Toronto Obser- 
vatory, and is quite in accordance with the excellent observations and discussions in the 
volumes of the United States Coast Survey. But in Zones 6, 7, and 8 the American 
portions present more than ordinary difficulties in respect to secular change, — 
especially in the case of the Declination, in which element a satisfactory conclusion 
seemed especially desirable, as likely to possess a more than ordinary theoretical value, 
in addition to that attaching to it for the sake of corrections to the mean epoch. The 
observations are tolerably numerous, both in the earlier and in the later portions of the 
included time ; and it must also be said that the difficulty referred to is only j[)artially 
due to the increased amount of probable error in the observations, incident to a region 
where the intensity of the Terrestrial Magnetic Force acting on the Declination Magnet 
is so greatly reduced. This latter inconvenience is one which it has in many cases been 
possible to counteract in some degree, by forming groujys of results, with due regard to 
proximity in time and space ; but the intercomparison of such groups (so far as they 
might admit of intercomparison), and the general and particular considei-ntion of the 
data in various ways with a view to the dfuivation of secular cliangc, have failed to 
enable me to derive conclusions in regard to the secular change which may have taken* 
place in those localities between 1818 and 1800 which I could put forward with sufficient 

3 D 2 
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confidence. The impression produced on my own mind is the probability of a reversal 
having taken place in the direction of the secular change at some time in thcj interval 
between 1818 and 1860, whereby the direction of the change which had been “increasing 
Easterly” or “ decreasing Westerly ” in the space between Melville Island and Baffin’s 
' Bay became “ decreasing Easterly ” or “ increasing Westerly ” in the same localities. 
The epoch of a change of this description may indeed be supposed to liavc synchronized 
approximately with the reversal in the direction of the secular change of tlui declination 
and of the Inclination which is now generally believed to have taken place in or about 
the same meridians in Canada^ and the United States; and it may be right to connect 
both with the easterly progression of the phenomena in North^mtern Ama^ attesting 
the approach of the present Asiatic point of maximum Force to the American continent. 
These, however, are matters which may be safely left to tlie elucidation they may receive 
from future researches in the same or in approximate localities ; towards which the best 
service which can be at present rendered is the assemblage in groups, approximate in 
time and locality, of the facts which we now possess. Such an assemblage will bo found 
at the close of Zone 8. 


Amongst the Magnetic determinations made at sca^ the line series oC Ih'ofcissor 
Adolph Erman in the corvette ‘Krotkoi’ (commencing at Kamtsdmtka in Octolx'r 
1829, passing round Cape Horn, and terminating at St. Petersburg in October 1830) 
may claim a special notice, both on account of tin) extent of oceanic, surface whitffi it 
covers, and the regard given to all the incidental circumHtanc<5s wliic.h are <ton<hiciV(‘. to 
the accuracy of conclusions obtained on board ship. The results a/re found, in his well- 
known publication, the ‘ Eeise urn die Erde’ (Berlin, 1841). 1 have found nothing either 

to alter or to add in the Declinations and Inclinations recorded in that volume (excepting 
the introduction of the sc^cidar corrections fimiished by himself, of which I have already 
spoken) ; in regard, however, to the values assigned to the magnetic Force, I have avaihid 
myself of the observations made by Professor Erman, in the return voyage to Europe, 
at Portsmouth in August 1830, to bring the whole series of his sea observations of the 
Force, of whicli tliose at Portsmouth formed a part, into direct comparison with the 
values assigned by British observers. The Magnetic Survey of the Britisli Islands 
(Phil. Trans. 1870, Art. XIV.) assigns as the value of the Total Force at tho “ Mother- 


^ There is rliroct oviclcjico of jv vevovsnl in the direction of the secular change in tho Boclinatiou having 
taken place at York Port, from ]3iisfcerly iucrcosing to Easterly diuiiiiLsIn’iig, alunit tho date 1842, in tho 
record of throe careful observers, EnAraiinf, Lumox, and Biakisiot (Proceedings of tho Eoyul Society, 
lanuaiy 7, 1 838). ^ 

Tho observations of in September 1810 gave 0 00 E. 

Those of LTirRor in July .t.84;3 gave 0 25 E. 

Those of ]b..\ias;coy iu August 1S57 gave 7 37 E, 

The reversal in the direction of tho soculur elumge of tho Doclinntion possibly t(X)k a,t York Port., 
it may have done at Toronto, sonu'svhat earlier tlmu 18-1-2-5 ; it is impyssi])lo to speak wiih certtilnljt in regard 
to tJio precise epoch of tho revorsaJ at Toroiiio, because the Ataguolic Observatory at that .station was only nsia- 
blished iu 1840. 
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bank” at Portsmouth, in 1836 and 1837, 10*23 in British units, which in Professor 
Eeman’s Table (Eeise, p. 579) has the corresponding value 1*33019 in the scale adopted 
by him. The ratio thus established between Eeman’s scale and the corresponding values 
in British units, when carried back to the value assigned in the ‘ Eeise’ to the Force at 
Kamtschatka (viz. 1*47370, p. 576), shows an amount of loss in the magnetism of the 
needle employed which may well be deemed insignificant in a voyage which lasted an 
entire year, and in which the magnetic instruments were in constant employment. 

I have again to express how greatly these Contributions have been and are indebted to 
the Hydrographer of the Admiralty, Admiral Eichaeds, F.E.S., for his kind permission to 
have the Maps (which accompany this and former bTumbers of the Contributions) prepared 
at the Hydrographic Office ; and have again to make my special ackiiowledgmente to 
the Assistant Hydrographer, Captain Feedeetck John Evans, E.N., F.E.S., for the very 
valuable superintendence which he has kindly given to their preparation and execution. 


Those who are familiar with the records of our early British navigators, the honoured 
predecessors of our modem British Polar Voyagers, will scarcely need to be reminded 
of their Magnetical Observations, bearing testimony to the fact that at that early, pc'riod 
Inclinations of a much higher value than those which are now observed in the sanu^ 
localities prevailed on the coast of Norway, and in the Spitzbergeu and Nova-Zembla 
seas. The careful and apparently dependable observations ofllKNEV Hudmon and otluirs 
in the first years of the 17th century contain the record of systematic obscuvatiouN 
exceeding 80° of Inclination (viz. from 80° to upwards of 86°) in localiticiS where tln^ 
Inclinations are now fully 10° less. It was at that period the frecpient ])ractice tt) 
observe the Inclination at sea on days suitable for tlie observation, and great attention 
appears to have been given to the subject: no doubt the instruments of those days were 
less precise than modem ones ; but, on the other hand, the very small amount of iron 
then used in the construction of ships must have obviated in great measure the chief diffi- 
culty attaching to more modern magnetic determinations at sea in the liigUer latitudes. 
There is much to make it probable that the high values of the Inclination which have 
since j)revailed on the northern coast of Asia, and are now found on the northern coast 
of America, were then existing on the northern coasts of Europe, and are now adduciblc 
in evidence of that progress of secular change, with which are also connected the now 
well-established phenomena in the northern parts of Siberia, which I have elsewhere 
venUired to regard as, in part at least, an effect of cosjmeal influence. 


Lament , 


ZONE I.— LATITUDE 40° TO 45° N. 

Authorities. 

f Erdmagnotismus siidwostlichon Eiirojjii's 1808), and Soimon-FiiistorniHS in 


t 18G0 (Mlluclion, 1862). 

Norwegian Officers. . .Hanfitcou, (Chr!'{i;:<ii:i. 1863). 

J Magnetic} S'n-vcv ('i.’ lii.- WV-'i- «;■(■ Franco, Philosophical Transactions, 1870} and of the 
1 East of Eranoe, Royal Society Proceedings, 1871. 


Perry 
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Bcrard MSS. in. Magnetic Office, communieatod by Admiral .Duperroy. 

J Contributions to Terrestrial Magnetism, Tbilos() 2 )ldoul Ti'an.siictions, IBIO ; and Cornwall 

I Polytechnic Society’s Reports, 1859. 

Darondeau Voyage do la Ronite, 1836 ot 1837 (Paris, 1842). 

HaU 1 

Blossevillo 

Gauttier }■ MSS. in Magnetic Office, communicated by Prolbsser L. S. Kiimts?. 


Bache 


Parrot . . 

D’Urville 

QrUetelet Mem. do I’Aeiid. Roy. do Bruxelles, vol. vi. 

Kiimtz, L. E. von. , . .Mom. by Rikatclieff; Roportoriuni fiir Metfjor. Bd. T. lloft 2, 1870 (Petorubtirg). 

Wild Reportorium fiir Motoor. Band .1. Heft 2 (Petors]»urg, 1 870)* 

f Magnetic Observations at Stations in Europe, Trans, Am. Phil. Soci. 1840 ; at Stations in 
”1 America, vol. v. of the same work ; Smithsonian Contr. v<d, xiii. ; and in other publications. 
Secchi Ast. Each. 1871. 

Kreil Mag. und Gcog, Bestimniungcu im Siidost Euroim’s Ac. (Wien, 18(52). 

Novara (Austrian 1 . ,. 

Erigate) 1 (Wion, 1802-5). 

Russian Officers .... MSS. in Magnetic Office, communicated by ProfcBsor L. S. ICimitz. 

Dirkoff MSS. in the British Hydrograidiic Office. 

Ainsworth London Geographical .Tournal, vol, viii. 1838. 

Golouchof Ann. do I’Obs. Phys. Central do Rtissto, 1859. 

Eritsoho .Reijort. fiir Meteor. Band L. Heft 2, 1870. 

Euss, G. von Mag. und goog. Bostimmnngenin Sil lirion, &o. in 1 830 452, A cad, Rci . P<,iterHh. M cm. J, 1 1 . 1 838. 

Ivatinsk Survey of tlio Caainuu Soa, St. Petersburg, 1.870 (in Russian). 

Schatskoffi * * } V Eritscho in Wild’s Roportoriuni for 1870, Band L Ifefi 2. 

Richards 

ShadwoR 

Rodgers 

Kelletb, Colliuson, \ (Sea ObsCTvntions.) MSS. in Magnetic Office, communicated by tlio British Hydro- 
Moore, Crane . . J grajiiiic Office. 

' Liitke’ Aleni. hy Jienz, in the Acad. Sci. Mdm. St. Pdtorsh. 1838. 

Erman Reise lun die Exde, Berlin, 1831. 

United States Coast) . , 

[ Annual Reports, 1856 to 1863. 


MSS. communicated hy the British Hydrographic Office. 


Survey 


Locke 


Douglas (David) .... Report on the Variations of tho Earth’s Magnetic Eorco, British Association Reports, 1838. 

r Amor. Phil. Society, 1840, vol. ix. j U. S. Coast Siu'voy ; Contrib. to Toit. Mag., .Phil. 

I Trans. 1846 ; ‘and Smithsonian Contrihntions, vol. iii. 

Graham Amor. Phil. Soc. T.nia.s. Now :Scrie.s, vel.ix. Art. All. 

Loomis Atuor. Phil. Soc. Trans. 1839, L842, andl 843 ; andContrih . to Terr. Mag., Pbil. 'J’rans. 184(3. 

Lefroy 

Y^ngLaband ^ Contrib. to Terr. Mag. No. VTI. Pbll. Trans. 1846 ; and in U. 8. Coast Smvoy. 
Renwick 


Various observers! „ „ 

in the IT S J Coast Survey, years 1866 to 1863. 

Various observers 
at sea in tho 
Atlantic Ocean . . 


Contrib. to Terr. Mag. No. IX. Phil. Trans. 1849, Art. XII. j and MSS. comniunicalcd 
by the Hydrographic Office. 
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ZONE I.-Lat. 40° to 45° N. 


Stations. 

LaiJSf 

Long. E. 


0 / 

0 f 

Agen 

44 13' 

0 36 

Salon ... . 

41 07 

1 13 

Toulouse 

43 36 

1 26 { 

Martorell 

41 31 

1 45 

Barcelona 

41 23 

2 11 [ 

Oarcassonne 

43 13 

2 21 

At sea 

40 03 

2 22 

Ai^enys de Mar 

41 35 

2 23 

ii fiAo 

40 35 

2 29 

1 . .... 

!. 11 

2 38 

u-erona 

52 

2 48 

Perpignan 

42 42 

2 55 1 

Pigucras 

42 16 

2 57 

Narbonne 

43 11 

3 00 

Cette 

43 24 

3 12 

1 At sea 

41 26 

3 51 

Montpellier 

43 36 

3 53 1 

At Roa 

41 32 

4 17 

'Mrisines 

43 51 

4 21 

Montolimar 

44 34 

4 45 

At Hen 

42 04 

4 47 

Avignon 

43 57 

4 48 

Orange 

44 08 

4 48 

Valence 

44 56 

4 53' 1 

" Marseilles 

43 18 

/ 

5 22 . 

V 

Toulon 

43 o; 

f 

5 55 - 

Nice 

43 42 

7 17 

„ Monaco 

43 43 

7 25 

Mentone 

43 43 

7 36 

' Onoglia 

43 55 

8 00 

Sagona 

42 06 

8 41 

Ajjaccio * 

41 .55 

8 44 

Oalvi V 

42 34 

8 45 

Genoa ; 

44 24 

8 54 

" La Euta... 

44 18 

9 10 

Spezzia 

44 04 

9 .51 

Bolioccio 

44 10 

10 00 

Logliovii 

43 33 

10 18 1 

1 

Poi‘(o .WTrajo ! 

42 4!); 

10 20 ^ 

I’isii : 

43 13 

10 24 ■ 

MotloTia 1 

[ 

1 

41 30 

10 56 

/ 

Horonco 

43 46 

U 14 ^ 

Eologiifl 

44 50 

1 

v 

11 '21 



1 Declination. 

1 Inclination, 

Force in. 











Date. 

Ob- 

served. 

Correction 


Ob- 

served. 

Correction 



Britinli units. 

ObBcrTorH. 


to Epoch 

1842*5. 

Corrected. 

to Epoch 
1842*5. 

Corrected. 



0 / 

0 / 


0 / 

f 

0 




18.58-0 

19 15 w. 

1 68 vv. 

21*2 vv. 

63 22 

+42 

64*1 


9-91 

Liunout, 

1833-5 




0 

62 26 

«24 

(i2'0 

0 


Ndi-wcgiau Olllccrs. 

1868-0 

18 45 w. 

1 58 vv. 

20-7 vv.' 

[20-7VV. 

62 46 

-1-42 

635' 

l63-4 


Liiuiont. 

18690 

17 12 w. 

3 21 vv. 

20-6 w. 

62 01 

+72 

63-2 , 

.Pi'rry. 

1858-0 

18 12 w. 

1 58 w. 

20-2 vv. 

60 52 

■f42 

61*6 


9-72 

Lmnoiit. 

1858-0 

1860-5 

18 05 w. 
17 53 vv. 

1 58 w. 

2 14 w. 

20-1 vv.’ 
20-1 vv. 

r20-l w. 

60 42 
60 31 

+42 

+49 

61*4] 
6 1-3 I 

■ 61-4 

;|;55}9-8o 

Lninoni. 

Lniuoiil, 

1858-0 

18 17 w. 

1 58 w. 

20 -3 vv. 

62 12 

+42 

62-9 


9-83 

.rjiiiitotiL 

1842-5 

18 30 w. 


18-5 vv. 





Berard. 

1858-0 

17 52 w. 

1 58 w. 

ID'S w. 

60 48 

+42 

61*5 


9-71 

Lantont. 

1842*5 

20 00 w. 


20-0 vv. 






BiT’iird, 

1842-5 

19 30 w. 


19'5 vv. 






Bt'rard, 

1858-0 

17 54 w. 

1 58 w. 

19-9 vv. 






Lainout. 

1858-0 

1860-5 

17 59 w. 
17 48 w. 

1 58 vv. 

2 14 vv,. 

20-0 vv.] 
200 vv,. 

20*0 vv. 

61 48 
61 30 

+42 

+49 

62*51 
62-3 j 

.62M 

n-78 

IjmiHiut. 

Laiufuit. 

1860-5 

17 37 w. 

2 14vv. 

19-9 vv. 

60 59 


61-8 


9-72 

L/muuit, 

1858-0 

18 01 w. 

1 .58 vv. 

20-0 w. 

62 06 

+42 

62-8 


9-82 

LiinKHii. 

1858-0 

17 08 w. 

1 58 vv. 

19-1 vv. 





Lmiioiit. 

1842-5 

19 30 w. 



19*5 \v. 






.Hi'rard. 

1858-0 

1869-0 

16 32 w. 

3 21 vv. 

19-9 w. 

62 15 
61 37 

■f42 

+72 

630] 

62-8, 

• 62-9 


Lam out. 

J^’rry, 

1842-5 

19 00 w. 


19-0 vv. 






."Horard. 

1838-5 

...... 



63 26 

-11 

(Ki-.i 


M * 4 

bVix. 

1858-0 

17 36 w. 

1 58 vv. 

19-6 vv. 

62 53 

+42 

63*6 


9-87 

Lamont. 

1842-5 

18 30 w. 


18-6 vv. 





■Bcrard. 

1869-0 

16 03 w. 

3 21 vv. 

19-4 vv. 

61 50 

+7a 

63-0 


9-79 

P('ny. 

1838-5 




63 38 

~Il 

6.3-5 ] 

63-4 



1858-0 

17 28 w. 

1 58 w. 

19*4 vv. 

62 37 

+42 

63-3 J 

9*87 

J iiimont. 

1838-5 




64 11 

-11 

64-0 1 

• 63-9 


I’OK. 

1860-5 

17 20 w. 

2 17 w. 

19-6 w. 

62 57 

+49 

63-8 J 

9-85 

LumouL 

1854-0 

17 35 w. 

1 24 vv. 

19-0 w.] 


61 .58 

+31 

62-5] 


] 

Lji }livo, 

1858- 0 

1859- 5 

17 04 w. 

1 58 vv. 

19-0 vv. 



.19-Ovv. 

61 41 
61 47 

+42 

+45 

62-3 

62-5 

.62-5 

!!!^ w 

.Lamont. 

1869-0 

16 41 w. 

3 21 vv. 

19^0 w.J 


60 35 

+72 

61-8; 


9"(ii'J 

Perry, 

1826-5 

19 40 yt 

2 02)3. 

17-6 vv.] 


63 47 

-43, 

6.3-1] 



D’Drvilln. 

1826*5 

19 19 vv. 

2 02 E. 

17*3 vv. 


62 58 

-43 

62'3 



BloHHovillo, 

1836-5 

19 16 w. 

0 46 M. 

18*5'w. 

I- 18*0 vv. 

62 52 

-16 

62-6 

► 62-6 


J)Hr()ndcau, 

1843-5 

10 31 w. 

2 14 vv. 


62 27 

0 

62-5 1 


Norwegian OlllcorR, 

1860*5 

18*7 w.J 


61 31 

•+49 

62-3 J 


litunont, 

1859-5 




Cl 40 

+46 

62-4 



' ]fox. 

1869-5 

14 31 w. 

3 21 vv. 

17-9 vv. 

61 22 

+72 

62-6 


9-72 

]^<rry. 

1859-6 




61 44 

+46 

62;5 


14 4 1 «t 

Fox. 

1859-5 




61 35 

+46 

62*4 



Vox, 

1824*6 

19 I9'w. 

2 17 k. 

17*6 vv. 





Ihll 

1824*5 

18 46 w. 

2 17 k. 

16-5 vv. 



» 



Hall. 

1824-5 

18 26 w. 

2 17 b. 

16*2 vv. 






Hall, 

1839-5 




62 53 

-08 

62*8 


9-82 

Quetclut. 

1859-5 




61 38 

+46 

62*4 


9-85 

Fox, 

1867-6 




61 09 

+67 

02-3 



Kiinitz, L. P, 

1859-5 

• ^ • 



61 38 

+46 

62'4 


9-84 

Fox. 

1828-0 

19 20 w. 

1 46 n. 

17-6VV. 





iBccquoroL 

1867-5 




60 34 

+07 

61*7 



J\m% L, p. 

1828-0 

16 29 w. 

1 46 E. 

14*7 TV. 





Itecquorol. 

1839-5 

1859-5 

...... 

...... 


62 19 
60 54 

-081 

+46] 

62>0 


9*80 

(Juololot, 

Fox. 

1867-5 




61 27 

+07 

,62-6 


■ • 1 1 

Kllrnlz, L. P. 

1838*5 



» 

62 05 

-11 

61*9] 



1 liiuFc. 

1839*5 




62 21 

-08 

62*2 1 

.62-0 

1 


Aiuici. 

ia39*5 




63 12 

-08 , 

62-1 j 


(^UCl.C)0ii. 

1859-5 


1 V * • » * 


61 00 

+46 

61-8; 


'VV 1 m , 

'Fox. 

1867-5 





61 19 

+67 

62*4 





I 


I 

f 


I 
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ZONE L— Lat. 40 ° to 45 " N. (continued). 


\ i 


hij... 


1,1 j ■ I*' 

i; i: .■*.* 


1 ^ ■ 

■ 1 

ll .li 

I'* ;■ I 

Temi 

42 35 

12 30 

Spoleto 

42 45 

12 36 

Torracina 

41 18 

13 15 

Ancona 

43 38 

13 30 

Pole 

44 53 

13 .50 

Naples 

40 15 

14 15 

Sorrento 

40 35 

14 25 

Lnssin Piccolo 

44 32 

14 28 

Cava 

40 40 

14 43 

Zam 1 

44 07 

15 15 

Ottocaz 

44 51 

15 24 

Mali llallan 

44 22 

15 43 

SoTjonioo 

43 44 

15 59 

Iiiflfla 

43 05 

Ifi 11 

Spalato 

43 31 

111 27 

TrMMlI 

43 11 

1(! 27 

Mol lot la 

41 13 

16 11 

Lftgosta 

42 47 

16 52 

Cumla 

42 59 

17 08 

1R (U) 

GrjiTOPii 

'lu oy 

42 .10 

10 vv 

18 05 

PilgUPil 

1 

■ 42 :)8 

' 18 07 

A I. w'ii 

:42 Vl 

• 18 24 

Al-oglinc 

. 42 27 

■ 18 31 

Caiiuro 

42 25 

18 .16 

C.olligiic 

.142 24 

i IS 59 

j 

Anfivai'i 

.’ 42 (10 

' I!) 0!) 


Durazs'o 

Valoim 

PuSL'Iit'^a .... 


Bolirmle .... 
W(.'is.sltii‘c]uTi. 
Ali'xmatz .... 

Orsowa 

iroliiuliii .... 


II 1!)- 1!) 

.!(» i>!)i 1 !) ;i 0 

r .1 ' 


ii 2 ; 
.,\u j()' 

! 1 
..\U 
..1 11 

;i4 

..‘ •J4 -1:2 


TsfilicnioU. 

Kiilalrti 

Kraiowa.,.. 
Aiclos 


iStiif.ina 

PiT.o.cfihii 

Mogmini .... 
Tirgotvisfc .... 
riocsliii 


Bttdiarcst 

Shursim 

Siimiih!)! 

Dcmotika ... 


I ■ ,1 

i .> 
i ■ j 
' ■!,' .1 


III 


1 1- 


■.;ii 


VI n 

i'll I 
1*1 I 'i 

I:* 

..I r. 


1!) Hi) 
24 

20 25 

21 25 

21 ;Jf5 

22 24 
22 25 


4<l 38 : 22 42 
•J l 00 1 22 50 

44 19 23 47 

42 42 1 24 4S 

I 

44 20 ! 24 50 
44 .51 ! 24 51 

43 44 ! 24 52 

44 50' 25 27 
44 50 ' 26 Ul 


44 261 26 05 


43 54 • 26 07 
.:43 39 i 20 20 
.i'll 21 ! 26 30 



ia59’5 




.59 62 


ia59’5 




59 48 


18.59’5 




58 37 


18.50-0 

14 16 w. 

0 53 w. 

15-2 w. 

61 06 


18600 

U 16 w. 

0 53 w. 

w. 

62 14 

( 

1838’5 




59 05 

J 

1839-5 

- ' » 1 i i 



58 59 

1 

1843-5 




58 42 

\ 

1859-5 



1 • * « • 

58 09 


1859-5 




58 02 


1850-0 

14 13 w. 

0 53 w. 

15-1 w. 

61 53 


1859-5 




57 59 


18.50-0 

1,3 53 w. 

0 53 w. 

14-8 IV. 

61 53 


1850-0 

13 69 w. 

0 53 ff. 

14-9 w. 

61 57 


18.50-0 




61 33 


1860-0 

13 37 w. 

0 53 w. 

14-5 IV. 

61) 58 


1850-0 

13 08 w. 

0 53 IV. 

14-0 w. 

59 14 


1Hb*)(H) 

13 28 w. 

0 .53 w. 

14 '4 w. 

60 43 


1850 0 

\l\ 18 w. 

0 Sii w. 

14*2 vv. 



18.50-0 

12 51 w. 

0 53 w. 

i:i-7 w. 

58 05 


I850'0 

12 58 \v. 

0 53 w. 

13-9 w. 



1850-0 

12 68 w. 

0 S3 w. 

13-9 w. „ 

59 55 

J 

18.50-0 

12 16 w. 

0 53 w. 

13-2W.1 

57 21 

1 

1879-0 

Id 06 ff. 

3 12 \v. 

13-3IV.J 



185()-0 

12 26 w. 

0 63 w. 

13-3 w. 

59 21 


1850-0 

12 18 VI. 

0 .53 w. 

vv. 

59 30 

: 1869’6 

10 14 w. 

1 59 w. 

12-2 w. 

««•*.. 

1 1850’t) 

12 31 H. 

0 63 w. 

13 -4 w. 

59 O'l 

1 

■ 12 03 w. 

0 S3w. 

12-9 w. 

59 24 

1 1850’0 




59 06 

1 ISiiO'K 

1-2 i:l V. 

'> .53 

13-1 w. 

68 36 

18,-,i|i» 

1 1 .V! w. 

It w. 

12-8 w. 

58 02 


11 .-.! 

■t . 

12-7 w. 

67 05 

; iH.')in‘ 

11 .M «. 

It 5.3 I-.-. 

12-8 w. 

60 36 



li 2/ 

•1 53 V,-. 

12-3 w. 1 

61 13 


1 18.500 

11 IS W. 

. o.5:jw. 

12-2 w. 

61 16 


I JHyO 0 

11 02 w, 

0 53 IV. 

11-9 w. 

(il 08 


1 185()’() 

|11 :i2w, 

0 53 IV. 

12-4 w. 

60 08 


; 1850-0 

1 10 3.5 

0 53 w. 

11-6 w. 

60 47 


1 1850-0 

! 10 37 «• 

0 53 IV. 

li-5 w. 

60 40 


1831-5 

14 51 -1? 

1 17 b, 

13-6 w. 


{ 

1831*6 

U 43 w 

1 17®. 

10’4 w.l ,fto 


1 

1850-0 

. 10 19 w 

0 63 w. 

ll’2w.}’®®y- 

60 22 


1831-5 

1 12 48 w 

1 17 E. 

11-5 w. 



1829-5 

j 11 32 w 

1 31a. 

10-0 w. 

* « fr* % 4 


1831-5 

! 13 23 w 

1 17 a. 

12-1 w. 

f 4 « * ft « 


1831-5 

' 12 47 w, 

1 17 a. 

11-6 yf. 


1831'5 

1 1 (12 w 

1 17 b. 

1 9-8 IV. 


ll83l’.5 

112 48 

1 17 I-,. 

' 11-5 w. 


i 182S’5 

ill 49 iv.| 1 .38 K. 

; 10-2 IV. 


f 

1829-5 

fl 14 w 

> 1 31 K. 

' 7-7 IV. loo 


1 

k 

i 1850-0 

9 03 w 

' 0 .5,3 II'. 

1 9 9iv.}®‘®^- 

60 14 

1 1821J5 

9 07 w 

' 1 31 E. 

! 8 6 IV. 


1 1831’5 

10 1.5 w.; 1 17 i:. 

1 9*0 vv. 


1 1S29-.5 

1 

11-11 VV.j 1 31 j.;. 

1 10-2 IV, 

i 

!■ 

'1 


ill 

ill 

;i 

1 .*" 

ii'' 


lil 1 
I'.l 1 


'.I <.» 


+20 

+20 

-11 

-08 

+o:i 

+-i(; 

+4() 

+20 
+4(i 
+ 111 
+ l!l 

+19 

-|-1« 
+18 
+ 18 


+ 18 


+17 
+ 1 / 


+ 17 

+15 

+15 

+15 

+15 

+16 
+16 
+15 
+15 
+ 15 

+15 
+15 
+ 15 
+15 
+15 


+16 


+16 


I-:' I .1 li:' 

r. Ii ;l .I" 

■ III ' ''ll I !' '! 

■|l* I' .1 /'• 

i:-- > 


i-f 


r»o*ij 

+40 (JO'S 
+40 I r)il '4 
01'4 
020 


58-!n 

58-9; 

58'8 

02-2 

5H'8 

02'2 

02‘3 

Ol'il 

(11-3 
00' 1 
01-0 


.W-'l 


00-2 

57- 0 

sii-o 

50'8 

sii'S 

59-7 

61)-4 

58'9 

58- 3 
67'3 
OO'O 
01-0 

01-5 

ei-4 

604 

(ilO 

609 


60-6 


0l)-5 


94 i 8 

SI’;! 


9 ’ 53 ^ 

9’55 

»’55 f'"' 
9’56 J 
9’52 

9-70 

9-48 

9’72 

9’79 

9'7il 

!)’74 

!)'05 

!)’72 


Sl'6l 


9’55 

SHid 

9’f»7 

il’ij!) 

!)’71 

9’«3 

Sl’S'l 

9’55 

0’40 

9*81 

9-73 

9’88 

9-77 

9'79 

9’76 

9-07 


9’8l 


9-81 


Vox. 

Vox. 

lAix. 

KiH'il. 

lu’cil. 

, I, Indio. 

Qiicli'lcl. 

Nnrwi'ifiiiii Olliiri’.'!. 

Fox. 

li'ox. 

TCroil. 

Fox. 

K'l'cil. 

IVM'il. 

Kroil. 

Kroil. 

Kroil, 

Kroil. 

Kroil. 

Kroil. 

Kwil. 

Kroil. 

AhI., Niioli. 1871. 
Kroil. 

Kroil. 

Noviira, 

Kroil. 

Kroil. 

Kroil. 

Kroil. 

Kroil. 

Kroil. 

Kroil. 

Kroil. 

KroU. 

Kroil. 

Kroil. 

Kroil. 

KvoiL ,* 

Kusiiiiin OfHoor'i. 
.U.iioHiiiii Oiriot'M. 
Kroil. 

RiiHHian OiUocro. 
liimsittu OdIoorB. 

I HuHr'iiiii Offin‘r.s. 

I Kiinoiiiti (lllii'or.'i. 

; .Riihriiiui Olllcor.-.. 

I R.iiw<iiiti ( 

Itnsiiiini Oflioorii. 

Eussinti Onioi'i’.K. 
Kroil. 

BiioBiiiu Offiooro. 
Buosiiin (lllioorn. 
Kussiim Ollitovs. 
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ZONE I. — Lat. 40° to 45° N. (continued). 


Stations. 


Lat.N. 


Long. E, 


Date. 


Declination. 

Inclination. 

Force in 
British units. 

Obsorvors. 

Ob- 

served. 

Correction 
to Epoch 

1842-5. 

Corrected. 

Ob- 

served. 

Correction 
to Epoch 
1842-5. 

Corrected. 

0 / 

0 / 

0 


0 f 

f 

0 



11 35 w. 

1 31 E. 

10-1 w. 





EufiHian OfflccrR, 

11 36 w. 

1 31 E. 

10-1 w. 





Eussian Offitters, 

11 20 w. 

1 31 E. 

9*8 w. 





Eussian Ollicere. 

11 06 w. 

1 24 b. 

9-7 w. 






1!u-iar. OTco:--. 

} 1 34 w. 

1 31b. 

9-7 w. 


4 « * # • • 

i 1 t 


(VUcit,'. 

M 41 w. 

1 24 E. 

13-3 ftT. 





Eusaian Ofllcopa. 

1 1 'J5 w. 

1 81 E. 

9-9 



...... 0 


Eusaian Oiricoi's. 

8 01 ^Y. 

0 53 ^Y. 

8-9 W. lo-l ftT. 

57 26 

■4"12 

57 61 „., 

im 

Krcil, 

(> :ili w. 

1 59 w. 

8-6 w.J 

56 40 

-1-28 



Dirlioir. 

ll 10 w. 

1 31 K. 

9-8 w. 





EuHsian O/Bcorsa 

6 28 w. 

1 69 w. 

8-5 w. 





Dirkoft'. 

10 48 w. 

1 31 E. 

9-3 w. 


...... 




Eiiaaittu OllutorH. 

10 41 w. 

1 24 B. 

9 '8 w. 





Kussian Olli(!ora. 

11 49 w. 

1 38 Ti 

102 





Eiman Oilloors. 

1 1 40 w, 

1 38 H. 

10-0 w. 





Iluasiau OlHoers. 

9 50 w. 

1 81 K 

8-3w.\ u- 





Kusaian OfticerB. 

7 00 w. 

1 59 w. 

9-Ow.j 






DirkolV. 

6 2.1 w. 

1 .59 w. 

B-4 w. 





Dirkdir. 

0 48 w. 

1 .59 w. 

8-7 

w. 


♦ » » 1 . * 



Dirkoir. 

10 12 w. 

1 21 E. 

8-8 

^v. 






EuHHia.li OdicorH. 

7 47 w. 

0 53 ff. 

8-7 ft'. 





Kwil. 

12 13 w. 

1 24 B, 

10-8 

\\\ 





ItuHHian OdlccrH. 

1 1 80 w. 

1 31 B. 

10-0 ft-. \ „ 



1 1 f » 1 1- 


...... 

■ Euv.:.'i.n 

^ 44 w, 

I 59 w. 

8-7 ft'. 

58 49 

-1-17 

59-1 


' I)irlv(^ir. 


* 1 t « » ■ 



56 34 

- 4 

56-6 


Ainsworth. 

7 89 w. 

0 53 ft'. 

8-5 

vv. 

56 18 

-f- 7 

56-1 

9'.55 

Krt'il. 





56 05 

-kl7 

5(>'4 

...... 

Jlirkeif. 

7 34 w. 

0 53 w. 

8-5 w. 

56 11 

+ 7 

fid'll 

9-60 

Kw'iL 

6 21 w. 

I 69 w. 

8-3 w. 

66 02 

-fin 

56-3 


Dirkoff. 

5 39 ffj 

1 69 w. 

7'6 w. 

66 10 

-flO 

fi6-t 


Birkoif. 

6 13 w. 

0 68 w. 

7-1 w. 

59 48 

4 . (i 

.59-9 

9-79 

Kroil. 

4 31 w. 

1 59 w. 

C*5 w. 

69 12 

-fl5 

.59-5 


Dirkoff. 

4 40 w* 

1 w. 

6'7 w. 

56 29 

-fl5 

66-7 


Birkolf. 

4 10 w.| 

1 59 w. 

6*2 w. 

58 59 

-fl5 

59-2 


Dirkoff. 

4 02 w. 

1 69 w. 

6-0 w. 





Dirkoff. 

1 





.57"49 

-f 4 



Kroil. 

3 07 w. 

1 69 w. 

5*1 w. 

.50 68 

■f 9 

68-1 


Dirkoff 

4 23 w. 

1 59 ft-. 

6-4 w. 




Mill* 

Dirkoff. 

8 50 w. 

2 06 B. 

6-71 





f « # 

Ganttior, 

5 43 w. 

0 53 ft. 

0-6 


67 42 

"4“ 3 

57-8 

9-72 

Kroil. 

5 30 w. 

1 59 w. 

7-6, 






Dirkoff. 

3 42 w. 

1 SOftf. 

S'7 ftr. 





Dirkoff 

3 09 w. 

1 69 w. 

S-l w. 

55 41 

+ 6 

55-8 


Dirkoff 

2 39 w. 

1 69 w. 

4*6 w. 

59 22 

+ <5 

59-5 

..♦..a 

Dirkoff 

3 03 w. 

' 1 59 w. 

5*0 w. 





Dirkoff 

2 37 w. 

1 69 w. 

4-6 w. 

59 00 

+ 6 

69'1 


Dirkoff 

2 42 w. 

1 59 w. 

4'7 w. 


' 1 



Dirkoff 

7 30 TV. 

1 48 B. 

5-7] 






Gauttier. 

3 05 w. 

0 45 w. 

5-8 

f 4*6 w* 

66 10 

-f 3 

56-2 1 iris,n 

9-78 

KreiL 

2 21 w. 

1 42 w. 

4-1 


55 30 

-f 6 

65-6 r®® 

...... 

Dirkoff 

1 .53 w. 

1 42 w. 

3*6 w. 

.57 21 

+ 

.57’4 


Dirkoff 

j 2 33 w,; 

; 1 ‘i'i w. 1 

4-8 w. 

1 

1 

1 

!■ 

JJirkoif. 

! 1 48 n-.' 

' 1 42 ft-, ! 

3-5 ft-. 

:.57 22 

! "f* -1 * 

57-4 1 


Dirkoff 

1 I3w.i 

1 12 w, 1 

8-.I w. 


1 


: .Dirkoir. 

., 2 03 H-.j 

1 42 w. ! 

4-H ft'. 


i 

.1 

-Dirkoir. 

1 52 w.' 

1 *12 w. 

8 '6 w. 

56 14 . -1- 1 

50-3 

Dirlioff 

0 01 ff.l 

1 2 28 w. 

2-5 w. 

j.58 OL 

-i.-i 

.58-1 

10-11 

Wild. 


Adrianople., 




I ■» 


Prawodi.. 
Burgas .. 
iuchiola 


. Sisopol 

Miserwi 

■ Basardahik 

' Hu’sowa 

’ Simieni-dindel 


. Varna..... 

•Inada.... 
Balchik . 
Kavania., 


Cape Kalakri,, 
'Maiigalia ..... 

Kustondjo .... 


OoushnUiioplc 

Ortakdi 

Bairik Buvd ... 
■ Bojuk Liinan,.. 
Pcnderokli' 


.Vnaitn 

I 'i.i'i'" 

.'r. 

Viop.ili 

Yalta 


j\gios Aiitrtiiiiw . 
Capol'ndjo .... 
Ak laman 


Sinopo 


. Korge... 
SaTn.'mn 


41 41 
II 04 
I-' 39 

21 
.1 II 

43 11 

42 30 
42 33 

42 25 

42 40 

43 34 

44 41 
44 22 

43 12 

41 .55 
43 25 
43 50 

43 23 

43 48 

44 10 

II 00 
II 04 
41 10 
41 11 
41 i; 

41 45 
44 34 
44 37 

42 00 
44 30 

II 55 
42 08 
42 05 

42 00 

41 40 
41 17 


26 35 

26 35 

27 01 
27 13 
27 19 

27 28 

27 31 

27 42 

27 45 
27 47 
27 54 
27 54 
27 56 

27 57 

28 00 
28 12 
28 22 

28 29 
28 37 

28 42 

28 55 

29 01 
29 03 
29 06 

31 26 

32 25 

33 21 
33 31 

33 45 

34 12 

34 23 

34 50 

35 04 

35 10 

35 14 

36 21 


Aniipn .... 

Unia 

' Jf()voro.>(isk., 
K(!fa.-<ii[i(1a . 


Trcbizoiulo 

Pitsunda ., 
TaIBO 


Soukbcin Ivaloli... 
.Itrdunt KalcU ... 

!ll:il iini 

Fdrt 8t. Xiclioliis 
Plaligonk 


. 44 53, 37 18 
.I Jl OS I 37 18 
.|14 43, 37 47 
.: 40 55 ' 38 24 


.!41 00' 39 46 

•Us 08 1 40 17 
..41 01 40 3.1 

i I 

.;43 00 41 00 
.142 15: 41 35 
. 41 ,'19 4i 37 
.141 .111 41 46 
. 41 03 43 00 


1829-5 

1829'5 

1829- 5 

1830- 5 

1829- 5 

1830- 5 
1829 5 
1 850-0 
1859-5 
1829-5 

1859-5 

1829- 5 

1830- 5 
1828-.1 

1828- 5 

1829- 5 
1859-5 
1859-5 
18.59-5 

1830- 5 

1850-5 

1H30-5 

1829-5 

1859-5 

1838-() 

1850-0 

18.59-5 

1850-0 

1859-5 

1859-5 

18.50-0 

1859-5 

1859-5 

1859-5 

1859-5 

1850-0 

1859-0 

1859-5 

1824-5 

1850-0 

18.59-5 

1859-6 

1859-5 

1859-5 
1 859-6 
1859-6 

1859- 6 

1824-5 

1860- 0 
1859'6 
18.59-5 
18.59-5 

1859-5 
18.59-5 
■18.59-5 
: 1859-5 
'1869-5 



i 

(■'1833-5 il 

3 47 ft-. 

0 50 1;. 

2-9 ft-.' 

I! 55 34 : 

0 

1 55-6 

■1 


Parrot. 

Tiflis 

i41 43; J.j .50 

i 1813-5 . 
1815-5 l| 

1 52 v. 

0 05 ft-. 

2-0 w. 

!i.5fi '02’ 

0 

i 

: nis-o 


■ 994 

CbHrrvntory. 

Obsci'vutorv. 


i i 

1869-5 . 

0 02 E. 

2 -28 ft-. 

2--I ft'. 

|!3.5 20 1 

0 

! 5r.-5 

1 i' 9■^l•tJ 


AVild. ‘ 

Petroust 

' 43 00; 47 39 

I I 

1862-.) i| 

1 (H) K. 

1 10 ft-, 

0-7 ft'. 

'iso 49! 

I- ; 

—5 

1 56-7 

■ 10-06 

■1 


Ivat-insk. 


3e 


MDCCCLXXII, 


{GENERAL SIR EDWARD SABINE ON TERRESTRIAIi MAQ-NETI8M, 
ZONE L— Lat. 40° to 45° N. (continued). 


Declination. 


Inclination. 



l.,.l. K.. 

1 

1 - 

L -nj. r. 

/ 


0. 

" '.'il l. 

: / 

ISli.D. 



1. 

'I'd.; ... 

.. l3 

17 47 

'i'iii2 .') 

1 21 . 

m ■. 

n ;i -.v. 

.’t"* 

ni; 

'V:-1:.V1 

.. I-J Oi 


i'i-:*::i 

1 "7 . 

I'l 

n-l 

.14 

!'2 

iii:: i; 

I'l {f'l 

i;- r; 

h'ij-.l 

0 .i! *. 

ill 

n-^ -1.. 

.Vi 

31 

!k.:. : 

4-» 2:» 

I!f 

■S.I2-.'i 

1 . 

h' 

n ■“ 

■) f 

ii:; 


.. :i 

5'.' '*17 

1 '■)2-;i 

2 21 

Ill 

n-7 : . 

.V- 

.I"* 
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ZONE I.-— Lat. 40° to 45° N. (continued). 
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l.■ill)•(• : 




7 If tJif 

l.SUt' ■ 




72 .-I.) 

1840-5 


« t « 4 4 4 



72 33 

1840-0 




73 08 

1810-0 



f • « * 4 « 

73 (M) 

1839-0 


4 1444 4 


72 40 

1840-5 




72 36 

1841-5 

0 51 19. 

0 03 w. 

0 - 819 . 

72 57 

1839-6 




72 47 

1841-5 

OSO-w. 

0 03 w. 

0-0 w.l ... „ 

73 17 

1802-5 

1 33 w. 

1 00 n. 

0-6 

73 52 

1839-0 




72 39 

1840-5 

0 08 yr. 

6 06 w. 

0-2 w. 

72 32 

1842-5 

« i 1 » *« 



72 44 

18I.5-5 

0 33 w. 

0 09 B- 

0-4 ff. 

79 47 

18140 




76 20 

]818o ' 

1 28 w. 

0 18 G. 

1-2 w. 


181 1-0 ! 




73 31 

1813-5 ' 




74 55 

is.i 10 





72 13 

I81II-5 




71 64 

1802-5 

1 1 

i 1 14 Yf4 

I' 

1 00 B, 

0-2 AT. 

71 57 

1844-6 

f 



72.53 

1811-5 1 

1 0 .i3 ff. 

0 03 w. 

0-9 w. 

74 17 

1S12-5 

■ 1 21 AV, 


1-4 w. 

75 15 

1811-0 

,i ...... 



74 i)2 

1 1812-5 

1 ...... 

1 


74 61 

181,5-5 

1 



74 47 

1 813-5 




72 1!) 

1839-5 




74 41 

1844-5 




74 37 

ISIS'S 

1 25 w. 

0 09 E. 

1-3 w. 

74 37 

1844-5 



4 f 

7444 

1841-5 

2 36 w. 

0 03 w. 

2-7 w. 

74 18 

1841-.5 

1 45 w. 

0 03 w. 

1-8 w. 

72 50 

1845-5 




72 27 

1841-5 




1-.74 10- 

1840-5 

1 52 w. 

0 06 \Y. 

2-0 w. 

!,72 J8; 

1843-5 




1 74 44 

1844-5 




i 7-1 3!) 

1841-5 




;l 72 42 

1856-5 

3 19 w. 

0 42 13, 

2-6 AT. 

, 1 
I' ...... 

1844-0 




■: 7-4 53 

il 


-04 


-04 


7:i'i 
72 ;i 
7i':) 

72S 
7;' 9 
7;MI 
72 !i 
7;i() 

7;;- 1 
72 1 

7;w)' ’ 
73'd 730 
72 !. ; 


V.I..I I 
/ - - 1 . 

72;.* ' 

;;hi' 

72 -ti 

72-6 
7;m 
73*0 * 

72- 7 
72‘«{ 

73- 0 
72-8 

73'8l7.i.„ 

73 , 3 ]- 7.) 8 


II III 

l.l'lil! 

i;)/'2 

i.i.i.s 


m 

'76-3 


73-5 

74'9 

72-2 


13-(54 

* t » • « 4 

1.3-57 1 
13-121 


13- 49 

14- 08 


13-50 


yj.t) I3'.'il 1 

71-9/ 


72-9 

74- 3 

75- 3 
74-9 
74-9 
74-8 

72-3 

74-7 

74-(5 

74-e 

74-7 

74-3 

72-8 

72-5 

74-2 

72-3 

71- 71 
74-7 J 

72- 7 

74-9 


71-7 


13-90 

13-04 

13-79 


13-81 

13-73 

13-08 

13-77 

13-56 

13-02 


13-51 

i:V-ii7 


Loinnis. 

Loomis, 

Looiiiis. 

Loomis. 

Ijoomis. 

Loomis. 

Tjoomis. 

fjooinis. 

L’lomis. 

Loomis. 

Loomis. 

Looltfl. 

Loomis. 

Daolie. 

Looko. 

Baoho. 

Biiolii*. 

Lonki.1, 

Jmomis. 

Lofiku. 

Baiiliii. 

fAiomis. 

Iriomis. 

l) 0 (inii,s. 

Baohit. 

Jiaolio. 

I'siumiH. 

Bim'Iio, 

Buliott, 

Loomis. 

Boitho. 

Looko. 

^ TifiHfi'. 

I Limit. 9'y|)iai, ILK. 

Tjoomis. 

Txtfroy. 

Ijooniis. 

Baolto, . 

Sohott. ' 

Biuslu'. 

Baolwi. 

Obsorvalary. 

Nioolloli. 

Bfiolw, 

Lofroy. 

Baclu). 

Loojtiis. 

TjooIco. 

I iLcfi-oy. 
j Loc.ko. 

; Bnitlio. 

I .IllKtIut. 

1 'IjOilko. 

; llaolio. 

Baolic. 

Bacho. 

Loclco. 

Baulio. 

U. S, Coast Survey. 
Jjoomui, 
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ZONE I. — Lai 40° to 45° N. (continued). 


Stations. 





Declination. 

Inclination. 



LaiN. 

Long. E. 

Date. 

Ob. 

served. 

Correction 
to Epoch 
18425. 

Corrocted. 

Ob- 

served. 

Correction 
to Enocli 
184^ 

Corroctod. 

Force in 
British units, 

ObsorverR. 

0 / 

0 / 


0 / 

0 / 

0 

0 / 


0 



40 35 

282 24 

1840*5 




0 

72 30 


72*5 


Jhicbo, 

42 21 

282 39 i 

■ 

1841*6 

1802*5 

3 31 w. 

4 48 w. 

0 03 w. 

1 00 E. 

3*6 w. ' 
3*8 w. 

.3*7 ff. 

74 28 
74 26 

1 

-04 J 

■1 

74*4 

13*72 • 
13*66, 

■ 13-64 

Bacho. 

Schott. 

41 25 

282 43 

1841*5 




73 18 


73*3 


Loomis, 

42 53 

282 58 

1843*5 




74 33 


74*6 

I3*(i3 

Bache. 

41 14 

282 58 ■ 


1841*5 

18625 

3 31 w. 

4 26 w. 

0 03 w. 

1 00 E. 

3*6 w.l 
3*4 w. 

3*5 w. 

72 54 
72 51 

-1)4 J 


72*9 1 

1355 1 
13*31 J 

. 13*43 

•Buclie. 

SohoU. 

40 25 

282 59 

1840*5 




72 35 


72*6 



Baolio. 

40 10 

283 07 ■ 


1840*5 

1 862*5 

3 13 w. 
3 45 w. 

0 06 w. 

1 00 E. 

3*3 w, ' 
2*8 w.. 

3*0 w. 

72 21 
72 32 

-04 J 


72*4 { 

13*41 1 
13*36. 

13*40 

Batdio. 

Schott, 

40 13 

283 10 

1844*5 




71 30 


71*6 

13*54 

Ltx^ko. 




18395 




75 11 

1 




Loomis. 

43 26 

283 24 


1843*5 




75 07 



75*2 


Jhioho* 




1846*5 




75 08 






Mcollet. 

44 13 

283 25 


1842*5 

1845*5 





77 19 
77 14 

1 

J 


77*3 

...... 

Loiruy, 

YoungdiuBband, 

42 08 

283 43 

1841*5 




74 14 


74*2 


BncJio. 

43 03 

283 61 - 


1839*5 

1843*5 





74 51 
74 61 


74*9 

13*01 

IjoomiB. 

Ilaclio. 

41 57 

283 58 

1841*5 

4 30 w. 

0 03 w. 

4*6 w* 

73 42 


73*7 

13*47 

Bmdio. 

41 14 

284 02 

1841*5 




73 10 


73*2 


Bacho, 

40 19 

284 05 

1840*5 




72 32 


72*5 

* * M * « 

Ihuilio, 

44 35 

284 15 

1846*5 




70 1!) 

...... 

70*3 

13*71 

YoMUgliuRband. 

40 08 

284 17 

1840*5 

4 22 w. 

0 12 E. 

4*2 w. 


• t • t 9 * 



r. S. r. -.-' 

40 05 

984 26 

1846*5 

3 13 w. 

0 12 B. 

3*0 w. 

«»*♦»» 




r. S. ( !'i.. .’V. 

40 42 

284 45 

1841*5 

3 38 w. 

0 03 w. 

3*7 w. 

72 39 



72*7 



iiacho, 




1839*5 




74 57 





Loomis. 

43 06 

284 46 


1843*5 


i 


74 50 

J 

1 

74*9 

i tt i k 

JJacliO. 




1844*5 




74 49 


' 


13*69 

Locke. 

40 18 

284 60 

1841*5 




72 23 


72*4 


Baclio, 

44 55 

284 53 

1843*5 




76 30 


70*5 

M M t » 

.Tjofroy. 

41 07 

284 58 

1841*5 




73 31 


73*5 


Baolifl, 

40 07 

285 07 

184()*5 

4 22 w. 

0 12 b. 

4*2 w. 

72 22 


72*4 

13*13 

Tjo(»ko, 

•11 10 

2i^5 OS 

1841*5 




73 48 

• 4 t 1 * 1 

73*8 

13*50 

lk(5he. 

■10 •«; 

:f\) i:t 

1842*5 




72 26 

...... 

72*4 

13*38 

Locke. 

■III 0,' 

*.'85 l(i 

1840*5 

4 22 w. 

0 12 b. 

4*2 w. 

72 06 


72*1 

13*50 

Locke. 

40 22 

285 17 

1852*5 

5 32 w. 

0 30h. 

5’0 w. 


72 43 


72*7 

13*90 

r, S. roinl Simrcy. 
Lockd. 

jlO 13 

285 20 

1841*5 


71 59 


72*0 

13*.55 

i 



1839*5 




72 47 




i 1 


;40 22' 

j ! 

285 20 • 


1842*5 




72 44 
72 40 



72*7 |l 

1 

1 

1 i;{-r)(> 

1 13*52 

I I’iCiVoy, 


1843*5 






13*55 

.liOcki', 

MO 30 1 

2P5 25 

1844*5 


» 


72 43 


72*7 

13*51 

Looko. 

■11 12 

■Jr.l i'i5 

1843*5 


* k. 


73 48 

f 

73*8 

* »!.*♦ 

Loomia* 

■10 32; 

2s5 40 

1846*5 

6 38w. 

0 12 H. 

54 w. 

72 34 

• « 4* i t 

72*6 

13*44 

Locke. 


f 

1811*5 




72 49 




13*501 


Locke. 

40 15 ' m 53 1 

, l.SI I-5 • 




72 48 
72 52 



72*8 1 


■13*48 

Looko. 


1 

j 184 0*5 i 

t 

. 5 35 w. 

t 1 

, 0 12b. 

5*4 w. 



13*46 J 

U, S. Coast Survey, 


Lewiston 

Bath 

Mean of 10 Stations , 
Geneva 


Williamsport 

Dunean*s Island 
Harrisburg 


Cumberland 


Owego 

Syracuse 

Silvorlalce ,,, 
Wilkosbarro 


Reading 

Brockvillo 

Whitehill 

Rort Delaware 
■ Easton 


Utica . 


Doylostown 
WilliamHburg 


Buslikill 
Vanuxem 
Milford .. 

w; 


ycwiirl; 


Row Yorl;, Iimalit:'! 
Asylum J 


NewTork. (■M)lun\bii\ 
CoJli'go : 


^JO 4!) 


2^5 57 


18g2-6 

1841*5 

mn 

1842*5 

1844*5 

is-u-r) 


40 43 


Governor’s Is :« ad |40 12 

I 


/. 1S34-5 
, jl8;ii)5 

2rir) 50 ^ 

, lHlr;i . (i 1,{ w. 

i ; ji 

I,il8i.rr) i fi 25 w. 

I 

285 5i) 1 1855*5 j G 40 w. 


0 00 B. 

doiii:. 

0 iiOj?. 


6-1 w. 
0*3 yt. 
0*0 w. 


73 00 
72 40 
72 40 
72 40 
72 42 
72 49 

72 59 
.,72 52- 
72 41, 

7 ->. 


172 38 : 
; 72 43: 
:1 72 41 ! 

I : 

jl72 4(1: 


-03 


13'67^ 

1348 




.. 13-lS 
.1 


lljabine. 
Locka, 

lo.iri ■ fkialii', 
.LclVny. 

! Loaka. 
Uujiwiclc, 


'I 


72’« ^ 


n-7 


■Unitlic. 

' 1.01)1111:;. 

13*511 jLooIi,'. 

i ,, 13 (il 1 13'.5G ! .Rciiwidk. 
I |j 13*51 J i r,oi*.kc. 

i ' ! Honwii'k, 


13*25 


17. S. (amwI, Surviiy. 
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GENERAL Bill EDWARD SABINE ON TERRESTRIAL MAGNETISM. 
ZONE I— Lat. 40" to 45° N. (continued). 


Stations. ! 

Lat.H. 

long. E. 

West Point 

0 / 

41 24 

0 / 

/ 

285 59 ] 

Sandy Hook 

40 28 

286 00 { 

Mount Pi-ospa-t 

40 40 

286 02 { 

Cold Spring 

41 25 

286 03 ^ 

Blooraingdale Asylum. 

40 49 

286 03 

Scheneatady 

42 48 

286 04 1 

Powkeepsie 

41 41 

286 05 ^ 

Degget 

40 49 

286 07 

Hew Hocliello 

40 53 

286 13 

Albany and Greonbusli 

42 40 

286 16 ■ 

Saw Pits 

41 0(' 

286 91 

Stnuilbi'd 

41 Ot 

286 28 

OvaiorBav 

y v 

40 53 

j 286 2!) 

Lloyd’s Kurboui' 

40 56 

•J8(5 35 

Norw.ilk 

•II 07 

286 36 

'LViuiti 

!4] 16 

286 45 

TTvmii 

■11 52 

286 47 

‘.Bluckroek 

■11 09 

286 4 7 

Brulgeiiort 

■11 11 

286 48 

Pire'islu’.vd 

40 38 

286 48 ^ 

Bnvlingion 

41 28 

286 .50 1 
286 50 

Drowned llcadow 

■iO 56 


Date. 


18 .‘} 4 S 

184 ()'S 

1842 '.') 

I 812-5 

IS-i'lf) 

1855-5 

18-lfi-5 

l 8 f; 0-5 

1855-5 

1846 - S 
183 »-S 

1843 - 5 

1844 - 8 

1847 - 5 

1844-5 

1841-5 

1841 - 5 

1842 - 5 
1844-5 

1844-5 

1844-5 

1844-5 

1844-5 

1844 - 5 
1863-5 

1863-5 

1845 - 5 


i'ewlinTcn 1 41 IS 


Oyster 3?oint .. 

IRutlancl 

fort Wooster 
ChcstcrMd .. 


41 17 

43 36 
41 17 
43 24 


Sat-licm’s Head .. 

Hiu-tford 

Lov.gmeiidow 

Doei-fieJd 


2 S 7 02 


287 05 j 

987 05 
287 07 
387 00 


']84.r5 

1839-5 
'1843-5 
, 1812 - 5 ; 
; 1811-5 
181.6-5 
V| 18-18-3 

1848-5 

1855-5 

1859-5 

1848-0 

1859-5 


..; 4 l 17 1 287 17 

41 46 i 287 19 ^ 

42 03 i 387 21 


Springfield '42 06 


Box Hill 


O-roenport .... 
&\ybroofc .... 
^Harbour. 
IW Tillage . 
BaldHUl .... 


(Irotoii, Point 
Warren 


41 48 

41 06 
41 16 
41 00 
43 50 
41 58 

41 18 
43 56 


387 28 

287 35 ' 

287 38 
287 40 
287 43 
287 49 

287 49 

288 00 
288 05 


ia:l!l-5 

1811-5 1 ' 

18.59-5 ; 8 39w.; 0 51 r.. j 
1863-0 > 8 30 IV.' 1 (10 1!. 


^8-3n-. .'74 11! 


1845-5 

1845-5 

1860- 5 

1861- 5 
1861-5 

1845-5 

1830-5 


7 14 w. I 0 0.9 R. 
6 50 IV. ' 0 O!) K. 

8 - 38 IV. '■ 0 54 c. 
0 03 IV. ! 0 57 H. 


Declination. 

Tnclinution, 

Ob- 

served. 

Correction 



Ob- 

served. 

Correction 

Corrected* 

to Epoch 
1843-6. 

Corrected. 



to Enoeli 
18-13-5. 

0 / 

0 / 

0 


0 / 

t 

0 





73 27 

1 






73 27 







73 20 

\ 

73-1 





7:1 25 

1 

J 







73 30 


5 51 w. 

0 11 w. 

0 06 R. 

0 39 R. 

6-8 IV. ' 
5-(l IV. 

0 

6-7 w. 

72 38 
72 62 

-03 j 

72-7 j 

5 65 w. 

0 13 k. 

6-7 w. ] 

5-8 w. 

72 28 


726 1 

6 44 w. 

0 54 n, 

6-8 IV. 

72 41 

-04 J 

5 34 w. 

0 39 E. 

4-9 \v. 


73 65 

-03 

73-9 

5 10 w. 

0 12 k. 

5-0 IV. 


72 39 


72-7 ' 




74 30 

1 

74-8 





74 65 

J 





74 05 


74-1 

5 41 IV. 

0 ISe. 

5-4 IV. 


72 53 


72-9 

5 30 w. 

0 06 E. 

5*4 w. 


72 44 


72-7 





74 40 

Ml 






74 40 


74-7 





74 46 







74 40 

J 


5 58 w. 

0 06 B. 

6-9 w. 


72 53 


72-9 

6 36 w. 

0 06 H. 

6-5 IV. 


73 02 


73-0 

fi 54 \y, 

0 06 B. 

6-8 w. 


72 59 


73-0 

6 13 w. 

0 06 H. 

6-1 w. 


72 51 


72-9 

6 49 w. 

0 06 K. 

6-7 w. 


73 10 


73-2 

8 03 IV. 

1 03 k. 

7-0 w. 


73 01 

-04 

73-0 

8 26 w. 

1 03 k. 

7-4 w. 


73 32 

-04 

73-5 

6 51 IV. 

OOOh. 

6-8 IV. 




78-4 

*! 6 19 w. 

1 0 09 B. 

0-2 IV. 


73 21 


1 7 40 IV. 

0 64k. 

6-9 w. 


73 00 

-W 

72-9 0 

1 9 22 M-, 

1 0 09b. 

9-2 w.’ 

[9-2w.{ 

76 37 



I' 9 57 iv. 

1 0 39b. 

9-3 w. J 

75 57; 

-03 

! 6 04 w. 

! 0 09b. 

5-9 w. 





6 13 w. 

0 09 w. 

6-4 w.' 

/ 

73 27 

\ 

/ 





73 30 



i 

1 

i 


^6*3 w.^ 

73 27 
73 21 

***** 

73-5 - 

6 17 IV. 

j 0 09 e. 

6-1 w. 





j 6 38 IV. 

! 0 18 k. 

6-3 w._, 

\ 

73 32 


V 

6 32 w. 

7 03 IV. 

0 18e. 

0 39 k. 

6-2 w.‘ 
6-4 w. 

}-6-3iv.( 

73 33 
73 45 

-01 1 
-03 ; 

73-0 

9 49 w. 

0 51 E. 

»-0iv.‘ 


75 20 

-03 

76-3 

7 26 IV. 

0 18 E. 

7-1 w. 


74 15 

-01 

74-2 

8 54 w. 

0 51b. 

B’l iv. 


74 21 

-03 

74-3 

!' 6 15 IV. 

; 0 09 1-,. 

6-1 w. 





1 



1 


73 68 

I 

74-0 1 

1 


1 

1 


74 07 

-03 ] 

1 ...... 

i 



74 05 


74-1 

i! 9 25 IV. 
1 

■ 0 51n. 

1 

j 8-6 IV. 


74 35 

-03 

74-5 

1 

1 

!' 8 39 IV, 

i 

i ooow. ; 

1 R'S w. 

I 

li71 07 

1 

a***** 1 

(, 


forcn in 
Bi-itisli units. 


13-67 

13-68 

13-44 


13-45 

13-52 

13-51 

12-95 


13-60 

13-56 


13-32 

13-23 

13-08 

1*1 

vm 


1358 


ObBcrvors. 


13‘05 

vm 

14*10 


llacho, 

LOOIIUH. 

Oralianu 

.Lcfroy. 

TitMiwiiilc. 

U« H. Cotust; Survey. 

IlOOklL 

\\ K Survey, 
r. S. (’iijisl iSurvi'y. 

liOtilco, 

f^OGinia, 

Biuiho* 

Locke. 

U. 8, Coast Survey. 

U. S, CoiiKfc Survey* 
.Haoho, 

ISicolloL 

LolVoy. 

Jjooko. 

U. S* (!i)iiHt Survey. 
IL S. ( Survey. 
Ucmvict and 
IL S. Ciiasl Survey. 
U, S, (‘(Hint Survey. 
17, S, Coast Survey, 
U. S, ( ’oast Sum^y. 

IL S, Count Survey, 


XL S, Coast Survey. 
TJ. S. Coast Survey. 


13*38 ^ Lootuifi. 

13*43 IjocIco. 

T.clVuy. 

13*33 r KoiiwiHv. 

I’. S. CoMsl. Slirvev, 
13*20^ j U, S. Const Survey* 


13*201 

KMOJ 

13*08 

13*40 

13-00 


13 24 


KhlH : 


:■ 13-;)8 


13 (il 


IT. S. Oomij Sumy. 
tL Ctiiihl. Siirvi'y, 

I C. S. (liiiial Surv(\y. 
1 1-. S. (tmsi Survey, 
j [K S, Ctnisi Surv(‘)'. 

Ti. S. Coiiiiii Survey. 
Cuoiuk 

j y. S. Coa!>L Survey. 

I I .ooink 

j U. S. (Joa.'.l Survey. 


74*2 


Jlncbe,, 

I Loomis. 

.13*(i2: IJaelim 

i V, S. Coast Survey. 


8 50 w. 
7 30 w. 


0 57 E. 


0 00 E. I 7*4 w. 


7-5 IV. 

,173 :i8' 
■1 

-04 

j 73‘9 

13-:j0 

1,^ iS, CoiihL Survey. 

7-1 IV. 

'172.58! 


i 73-0 

!' i;i-i4 

Kinwic'k. 

6-7 w. 

!|74 34 


1 74-fl 

11 

C. rS. Coast Survey. 

7-fi IV. 

i'7:i 21' 

-03 


'■ 13-62 

U. S. Coast .Survey. 

S-J w. 

1 74 46; 

-01 

; 74-7 

1 13-89 

IT. S. (.'oast Survey, 

7-9 II-. 

73 59 

-04 

I 73-9 

■ 13-43 

IL 6 , ConjL Survey. 


9 08 w. I 0 31 ) w. j 9*7 w. 


^ U. S. Coast Survey, 
j Gnilmiu. 
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ZONE I— Lat 40° to 45“ N. (continued). 


Stations. 


Lat. N. Long. E. Date. 


Declination. 

Inclination. 

Ob- 

served. 

Correction 


01 > 

served. 

Correction 


l;o Epocli 

1842 - 5 . 

Corrected. 

to Epoeh 
1842 - 5 . 

Corrected. 


Stonington 41 20 288 03 

WesI B-.iiiin.')’ 43 40 288 07 

WiU'liiist'U 42 20 288 07 

'Watch Hill 41 ]<) 288 09 

■Worcester 42 1(5 288 12 

Plv'v.ov^i’ 43 45 288 18 

' m:-,-"-: 42 39 288 25 

Spencer Hill 41 41 288 31 

Lake Winninsissiogeo . 44 43 288 31 

Near Mt. Wo.sliinglon. 44 Hi 288 31 

■ Point Jucleth’s Light... 41 22 288 31 

.. 41 30 288 33 

15 i’-. r !i i' ... 42 00 288 33 


7 38 w. 0 0 !) n. 
9 38 w. 0 3(1 w. 

8 48 w. 0 54 35 . 

7 33 w. 0 15 E. 


8 32 w. 

9 04 w. 
9 OC w. 

7 53 w. 
11 31 w. 
9 00 w. 

8 49 w. 

9 27 tv. 


0 3(5 w. 
0 18 n. 
0 0(5 n. 

0 33 w. 
0 09 R. 
0 15 E. 
0 0(5 E. 
0 0(5 n. 


Providence 41 49 288 35 


Qunstock 

Goroham 


f 1839-.1 

41 49 288 35 

i'bsS'S 9"32\v. Osil E. 

43 31 288 38 ' 18 (l 0-5 10 . 54 \v. 0 ' 54 ii. 

44 27 288 47 1845-5 


Patucciwa 41 } 07 288 48 18 ^ 9‘5 10 43 \v. 0 21 k 

/ 183!)*5 

Um 9 J 5 W. 0 03 w. 

Oamtridgo 42 22 288 52 J 1842*5 

1842-5 

1845*6 


, Blue Hill 42 13 288 53 ISliH 

DorohcHter 42 II) 288 55 1842*5 

.CopcoutHiU 4143 288 57 1844*5 

DoYolicster Heights ... 42 20 288 58 - 1 ^ 55.5 

. Croton Pomfc 41 ID 288 59 1814*5 


Boston 


Little Neliaafc 


Fort Point., 
XanliislicL .. 
VairiiaM'Ti 

Foi'tLan 


W}] 




Pi:r.. I'ia::'*. .. 


Ifoimt Plenpiuit 

leaker's Trilinicl LighI 

Tarpaulin Oovc 

'Boiling Bock 

PorlHinuutli 

Lofko’s Mills 

■|\i toy Point 

IlionipMOii 

JJ-OiuiL -Aganionficus 


Anni.s Qimm .... 

; .12 39 

Bcaco’i Hill .... 

; 42 3(5 

Indian Hill .... 

'41 28 


42 22 289 01 - 

42 26 289 04 

41 38 289 0,1 

42 IH i 289 06 
•11 37 1 289 06 

12 3 :' . 289 08 ■ 

40 31 eop op 

■II :i7 i'9 

12 II lVO I'l 


9 41 vf, 0 21 E. 

8 57 w. 0 09 E. 

9 37 w. 0 15 e. 


8 54 w. 
10 15 w. 


0 09 b. 
0 21 B, 


10 50 tv. 0 39 B. 

11 now. 0 21 b. 

11 60 0 09 b. 

11 II tv. 0 61 b. 


f lS.iU-.1 "10 0(5 tvv 0 24 b. 
1 ' ISoO f) 10 58 tv.j 0 51 b. 


41 02 ! 280 11 


1851'.6 !I 4 
•12 32 289 13 IS-lO-.i ' 12 

■•11 2 il 289 15 ; IH.l(i '5 ■ 9 

•13 05 ! 289 I.') 1 18.1 (•.I 9 

■13 03 ' 289 Kl 1811-5 


0 27 B. 

0 21 n. 

0 12 K. 
0 (1(5 K. 


8-!) tv. 
10 0 w. 


10-4 tv. 
9 - 3 w. 


9 14 w. 

0 09 B. 

9-1 tv. 

9 09 tv. 

0 6(5 E. 

9-1 w. 

9 31 w. 

0 12 B. 

9-3tY. \ 

lO 14 w. 

0 }19 E. 

JHSw.; 

7 29 tv. 

0 0(5 B. 

7-4 tv. 


8- 8 tv. 

9- 4 w. 

8'8 tv. 

10-2tv. J 

IVSw. 

llfw. 

10- 4 w. 

loS:} »■»*• 

M-l tv. 

11- 9w. 

; 9-0 tv. 

; 9-7 w. 


•11 211289 1(5 ! 18 .I 5-.5 112 

I*! /I'' I .iL'fl 1 1 180 ^ 1*0 . lO 

■‘■‘"''i '/j 1859’5 .:il 

42 ; 17 ' 289 17 18 . 59 -.') ,11 

•(3 13 289 19 1 18 . 17-5 1 10 


289 20 i ! 


.'' 1 18 . 19 -.') 
\i 1859-5 


0 09 n. 

0 2-1 K. 

0 51 i:. 

0 .■)! B. 

0 15 E. 


12 -Ow. 
10 -lw.l 
l(H 5 \v. ■ 
10 - 3 w. 

: 9-!hv. 

Ilj- 3 w. 


289 22 i i 


! I lS.19-5 1 . n 


ia59-.5 i| 12 


289 22 iJ 8 -lfi -0 


0 21 n. 
0 51 K. 

0 12 E. 


■n-Otv.1 
|11-2tv. f 
i 8-6 tv." 


tlVIw 


75.-1 
r;,7-l . 57 - 
III/.') ( 14 , 
71 30 

j 71 5 .-)! 


; 71 5(5 
; ■' 71 2(5 
[1,7-116 
i;73 3.) 


-01 74-5 


-03 74'a 

5} w-» 


75*9 

:S} 

-03 74-.') 

-01 74-9 


-03 I 71-9 

-mi! m 


Fureo in 
British units. 




llojnvick. 

Oraliiun, 

U, S. (Juast Sm’nty, 

II, 13. Coast kSnrvoy. 
LooniiH. 

(Sraliiirn. 

II . tS, (*oiiHt Snrvoy, 
IJ* y, Coast iSurvoy. 

Qnihani. 

Looko. 

IJ. iS. Coast Sui*voy. 
IT, iS. (ionsL Hurviiy. 

U. y. Coast Sumy, 

Loomia* 

I.* .-.y. 

V. 1 V. 

I ■■ ■' i:-. ■ . 


,U. K Coast iSurvoy* j 

Loomis. I 

(Iraliinn andBoml. . 

1 ;H 71 Locim. 5 

15‘50 I l,*i *45 LolVoy. 

LT!M) j ijoclio. 

IT, H, (loast 4 Suwy. I 

Lofroy. 

IJ» iS. Coast Huwv* ! 

.. \\ <. - -- ^ 
IH 6 , ■ I r 

.•ti., !■ '■ 

13 ‘ 51 )’| Lromis, 

i«,nj nrulmm. 

13 * 26 J U. S. Coast Survi\y. 

13*30 Lh tS. CoflHii fc!urvoJ^ 

' TL y, Const Rurvoy, 

13*16 IL H, Coast Hnrvoy, 

l:i* 5 H IT. y. Cnii.sl 

I li. y. ( 'oil'll. S'.ii'M'V. 

14 ‘01 I li, S. ( 'oa>l Siirvi'y. 

i U. S. Con.-il. Siii'Vi'V. 

13-.1-I ! 

13*57 ■ Ih S. ( 'oaii Surrey. 

13 * 57 ^ iii-k! C, S. Coibl Survey, 
13*53 Ih S. CoiiM- Siirvoy. 

13*30 TI. ron**'* 

13*63 r.>. - 

18*28 1. . ( n-: 

It, ‘'i.ri 

C/iil :I V' hiti iio, 


] 3*62 

13’48’', r. S. Ootifji Survry. 

13*57 '■ * * ' L. S. C-oMf.i. Sumy. 

13*75 I W S. Coast Sunv-v. 
13*28 |i:. S. Coast Survey. 

...... [i. fi. CWI. .‘^iirvny. 

) 3*8 1 U , s, ( Surrey. 

13 *48 j C. iS. tk^asl: Surv>*v. 

l,'!*h(l j ' r. Coa?(» Sumy. 
i3':f0 I L‘, H. Con Suryev. 
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asaSERAL SIR EDWARD SABINE ON TERRESTRIAL MAGNETISM. 
ZONE I.— Lat. 40° to 45° N. (continued). 


Stations. 

Lat.N. 

Ifile of Shoals 

e / 

42 59 

CapoNeddiclc 

43 12 

Eockport 

42 40 

Mahomet Hill 

41 56 

Sampaon^s Hill 

41 23 

Kennebunk 

43 21 

Shootflying Hill 

41 41 

Fletohorsneck 

43 27 

Mount Independence. . 

43 46 

Hyaimis 

41 38 

Portland 

43 39 

Eiohmoud Island 

43 33 

Provincotown 

42 03 

Xanfiiekel 

41 isl 

Freeport 

Usi 

JEouni. Sohiiilis 

;-l-l 09 

'Wt'lllcci- 

'•11 56 

Chatham Liglils 

Ml 40- 

Cnno Small 

43 -171 

■Ruth 

43 .5.5 ' 

Eairgc:! 

41 13 

1 MouiU: llar.'ia 1 4-1 40 . 

Bock land 

i -l-i 061 

CiiHiden 

■11 12, 

Belfast 

,44 26! 

Bangor 

144 48 

Mount .S.aimders 

i 4-1 30 

Mount Dcsci’l 

l-l-l 21 

llumphack Miumt .. 

J-l-1 Tri 

At sea 

•41 06 

Xrestern Eidge 

44 59 

At sea 

.1-11 04 

'Watervillo 

jlrmapolis 

.i4-l 33 
^14 45 

Bridgotowu 

.'44 51 

At sea 

.■'41 29 


Defilination. 

Correction 

to Epoch Oorrocted. 
I842>5. 


Inclination. 


10 04w. OlSn. 

11 0!)w. 0 27 b. 
11 ;{7w 0 51 k. 

9 17 w. 0 09 B. 


8 49 w. 

11 24 «r, 

9 38 ff. 
11 18 w. 
11 46 w. 

9 22 w. 
11 28 w. 

11 41 w. 

12 20 vv. 
12 18 w. 


0 12 k. 
0 27 n. 
0 09 B. 
0 24 M. 

0 21 K. 

0 12 b. 

0 09 K. 

0 27 E. 

0 51 B. 

1 03 E, 


1850- 5 12 18 w. 0 24 h. 

' 1836 5 9 20 w. 0 21 w. 

181106 11 24 w. 0 54 k. 

r 1816-6 9 14 vv. 0 12 b, 

^ 1 855-5 9 58 w. 0 39 n. 

1863-5 14 12VV. 1 03 R. 

1853-5 12 6'lvv. 0 33 b. 

lHOO-5 l()44vv. 0 64 h. 

1860-5 11 12 vv. ()54 k. 

1851- 5 12(l6vv. 0 97 f. 

1863-5 !12 52 vv. 1 03 k. 
IRVI-.l 1 14 17 vv.; 0 3(1 K, 

18;i.)-5 ■ M 35 vv. 0 39 r.. 

1863-5 ■ 15 02 vv. 1 03 i-,. 

1 1831-5 i 13 57 w. II 36 i:. 


' 15 311 V.-.' 

15 ■'v') 


1 03 H. 
0 45 


1 1856-5 '■ 14 59 w.' 0 42 i-.. 

, ; 

'1856-5 'l5 l-iw.'i 0 42 r.. 

' 1S58-5 ; 15 48 w.i 0 48 k. 
,1841-5 .lOOSvv.: 0 03 vv. 
! 1859-5 1(1 32 vv.; 0 51 n. 

1 1841-5 ! 1 1 55 vv., 0 03 vv. 


At?e:v 41 28 '291 57 

Hiltz 1 41 57 -293 09 

Ataea ! -ll 28 '295 34 

Halifax 44 39 296 23 

it aea 41 48 297 38 

Ataea |41 34 304 23 

Ataea [41 50 307 14 

At aoa 1 42 54 307 37 

Ataea 143 19:313 35 

Ataea ;43 34; 314 42 

Ataea. :13 06-315 00 

Ataea '43 00 .316 10 

Ataea 1 43 30 317 51 

Ataea 144 33 318 47 

-Ataea ; '43 37 319 18 

Ataea: |42 20 320 18 


■18-17-5 , i 

■18-17-5 .! I 

■18-11 -5 1 12 27 W.I 

184 1-3 '' 13 03 w„ 

! i 


1847-5 
i 18-11-5 
’'1838-5 
1 1817-5 
! 1852-5 
; 1841 -5 

1811-5 
1839 5 
,1811-5 
:i8.|I-5 
; 18.12-0 

■ 1842-5 

1841- 5 
i 1839-5 
: 1842-5 

1842- 5 
; 1812-5 


13 08 vv.l 


18 10 vv.l 0 15 E. 
15 54 w.i 


; 18 28 vv.l 
19 00 vv.! 

22 22 w, 
21 57 vv. 

26 49 vv. 

j 

126 low. 

■ 25 43 vv.j 

23 55 w.j 

27 37 vv.j 
1-28 17w. 

; 27 07 vv.1 


9- 8 w. 

10- 7 w. 
10-8 w 
9-1 w. 


8- 0 vv. 
110 w. 

9- 5 vv. 

10- 9 w. 

1 1- 4 w. 

9-2 vv. 
11-3 vv.’’ 
11-2 vv. 
11-5 vv. 
ll-Svv. 




13‘2 w, 
12‘4 w. 

Wv 

10*;} w. 
J17w. 

ll'Hw. 
i;}*7 w. 
m) \\\ 

W) w. 

);}*4 w. 

14-5 w, 

I4*() w. 

Id'Sw. 


12*5 w. 


i Ul-4 w. 


i 17’r»5\v. 
j lo-l) w. 

■ISaTw. 

lO'Ow. 

I22-4W. 


1 27'() w. 
1 27*1 W. 


I; 74 2il 
■ 74 ]2 


74 27 
7i \ :»;} 
i; 73 02 


Ob- 

served. 

Correction 


to Epoch 

1842*5. 

Corrected. 

0 / 

/ 

0 

74 44 

-01 

74-7 

74 58 

-02 

74-9 

75 06 

-03 

75-1 

74 30 

1 

74-3 

74 01 

J 

73 25 


73-4 

75 14- 

-02 

75'2 

74 10 


74-2 

75 18 

-02 

75-3 

75 24 

-01 

75-4 

73 49 


73-8 

76 13 



76 14 

-02 

75-2 

75 05 

-04 . 


76 08 

-92 

75-1 

wTo 

-01 

74-1 

73 44 

-01 1 

73-9 1 

74 01 

-03 J 

75 20 

-01 

75-3 

75 41 

-02 

75-7 

7-1 20 

-04 

74-3 

73 4(5 

-04 

73-7 

76 02 

-02 

75-0 

76 2(1 

-01 

75-4 

75 41 

-02 

757 

76 M 

-03 

76'2 

75 31 

-01 

75-5 

75 42 

-02 

757 

76 38 

-04 

76-6 

76 12 

1 


76 13 

-03 

76*1 

76 05 

-04 J 


75 59 

-03 

75-9 

76 09 

-03 

76'1 

76 12 

-03 

7(l-2 

4 4 • • • « 

76 20 

4 t i r « 4 

-03 

7(5-3 

...... 

76 68 

-01 

76-0 

75 42 

-01 

757 

76 41 

-01 

76'7 

76 37 

-01 

75-6 

M .1 « ■ 

i| 74 45 

1 

1 

i 76-2 

1 

'•fl 't7 

i('-’ 

i> 



! 


Force in 
British units. 


Observers. 


U. S, Const; Survey. 
II. S. ('Oiisi. Survey. 

S. (joust Survey, 
U. S, Const; Survey. 
U. S. Coast Survey, 

II. S. Oousfc iSiirvcy. 
IT. S. Const Survtiy. 
U. H. (.kuist Survey, 

IJ. S. (joust iSurvoy* 
U, S. Coast Survey. 


II 13*21 n, S. Const Sumy, 

r 13*441 Locke. 

I lo.ur Survey, 

‘ U.S. (Joust Survey, 

13*1(1 U. Sa Coast Survey. 

13*«^0 U. S, 0(«ust Survey. 

Cruliiuu. 


13*40 IJ. S. tJoustp Survey. 

13*0.5 ) IT. S. Coast Survey. 

i;}*l(; j LI. S. (Joust Survey. 

13*27 V, S. (Joust Survey. 

13*80 C. S. (’oust Survey. 

13'4tt U. S. (’on.s(> Survey, 

13*30 U* N. (Joust Htirvey. 

13*11 II. S. Coast Sumy. 

13*10 Ua S. (kmHt Stirvoy. 

13*450 U. N. ('oust Survey, 

13*00 If. S. (!(]iist Survey, 

13*13 If. S. Const Survey, 

13*52 IT* S. (Joust Survey, 

13*28 XI. S, (Joast Stirvey. 


Kooly. 

Koely. 

kooly, 

Barnett, 

B^ivnctt. 

Kcoly. 

Barnoti 

EBteot^rt. 

ICeely. 

BayfloM. 

Barnett. 

lli-nird. 

Bariiell. 

Hnnjett. 

Lolroj. 

r.efroy. 
Biirneti. 
Bernrcl. 
i Lefroy. 


Lefroy. 
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Stations. 

Lat. N. 

Long. E 

At sea....* 

0 / 

42 59 

0 / 

321 28 

At sea 

43 26 

322 00 

. At sea 

44 14 

323 22 

At sea 

40 32 

323 26 

At sea 

40 30 

323 56 

' At sea 

4H 42 

324 30 

- At sea 

42 03 

325 11 

At sea 

40 37 

325 1 3 

At sea 

40 09 

325 13 

At sea 

41 27 

327 18 

At sea 

42 29 

m m 

At sea 

43 26 

329 27 

At sea 

41 92 

32!) 31 

At sea 

42 39 

^29 55 

At sea 

44 24 

3.10 56 

At sea 

41 a; 

3;ii ^7 

At sea 

43 18 

333 04 

At sea 

44 03 

m 25 

At sea 

40 35 

337 15 

At floa 

41 28 

338 29 

At sea 

42 il6 

339 54 

340 17 

At sea 

43 14 

At RWl 

41 08 
44 0.i 
40 15 

341 02 
344 05 
346 10 

At sea , 

' At sea 

At soa 

41 00 

346 30 

.At sen 

42 .‘{1 

347 20 

.At sea 

42 37 ' 

347 30 

At --eM 

43 20 

348 00 

At Roa 

41 0(1 

348 10 

At sea 

41 U‘ 

349 38 

At sen 

40 62 

3.10 45 

Yi^'o 

42 14 

351 16 

iSantiago 

142 52 

351 31 

Coimbra 

40 12 

351 35 

Povnnnn 

1 .(3 23 

351 37 
356 12 

SfUilmidor 

43 28 

Madrid 

40 25 

356 18 

Si«»(lftli\jartt 

40 37 

356 56 

Bilbao 

43 16 

367 03 

ViHoria 

■12 51 

357 19 

T.ogpnno 

1 12 09 
'43 19 

1 357 

.SL Sebiistinn 

' 357 3!) 

Pamplona 

42 .'lO 

358 18 

Cululavud 

41 24 

’ 3.i8 20 

Abbadia 

43 :f., 

; : 2;; 

Bnyonne 

43 

1 

1 

, ;i,.' -■'! 

Tarr.'igonu 

1 

41 07 1 3.i8 45 

1 /I 'teste do Bneb 

>i\ 

:sr»H 5S 

SaniL^ofisa 

.41 ;)!) 

359 13 

Bordeninc 

;44 .10 

35!) 26 

MontdoMarsan 

43 53 

3.19 30 

Bau 

43 18 

3.1!) 37 


i i 


ZONE L— Lat. 40° to 46° N. (continued). 



Declination. 

Inclination. 


Date. 

Ob- 

served. 

Correction 
to Epoch 
1842-5, 

Corrected. 

Ob- 

served. 

Correction 
to Epoch 

1842-5. 

Oorrcctod. 

Eorco in 
British nnitH. 


0 / 

0 j) 

o 


0 / 

/ 

0 


18425 j 

27 20 w. 


27-3 w. 


73 10 


73-2 


1841-5 ! 

28 51 w. 


2a!)w. 





. .... 

18l2‘5 i 

28 ;i2 w. 


28-5 AV. 


73 29 


73-5 


1837-5 1 

24 52 w. 


24-9 w. 






1837-5 

25 ^35 w. 


25*6 w. 






1 1S4 1 5 

27 47 w. 


27-8 AV. 






1837 5 ' 

24 25 w. 


24*4 w. 






1857-5 

20 42 w. 


26-7 AV. 






1830-3 ■ 

1 

24 51 w. 


24*9 w. 


6!) 31 



66-5 

11-16 

18305 

25 20 w. 


25 .3 w. 


70 11 


70-2 

10-96 

1850 5 





(1!) 47 


69-8 

Il-;i3 

18305 

20 ,38 w. 


26*(l w. 






1 859-5 
1857-5 

20 2l)W. 


23*4 w. 


69 57 


(ilM) 


1830-5 

27 ,35 w. 


27-6 AA-. 


71 17 


7\<i 

11-30 

1859 5 

22 07 w. 


22-1 AV. 






1837-5 

94 22 w. 


24-4 AV. 



, 



18575 

24 20 w. 


2t *,3 w. 






1836-5 

25 00 w. 


25 0 w. 






1836-5 

25 08 w. 


25*6 w. 






1836-5 

26 00 w. 

t • » t9* 

26-0 AV. 






l8;)!)-5 

22 52 w. 


22-9 AV. 






18.10-5 

23 47 w. 

9* • « • 

23-8 AV. 






1839-5 

23 0!) w. 


2;{-2 AV. 






1836-5 

24 45 w. 


2'l-8 AV. 




« M * « « 


1836-5 

24 4i)w. 


24-8 AV. 






1836-5 

24 18 w. 


24 *,3 w. 




♦ f * * f f 


1836-5 

2,3 ,34 w. 


23-6 AV. 






1836-5 

20 50 w. 



23-8 AV. 




1 * It * 

^ « k M 1 

1810-0 









9-03 

1838-0 



*..»«♦ 


63 26 


g;j-4 


1838-0 





■63 .10 


(K{-8 


1858-0 

22 34 w. 

1 58 w. 

24*5 w. 


63 3.1 

+42 

64-3 

10-03 

18580 

22 35 w. 

1 58 w.' 

24-6 AV. 


63 58 

“|*'4li 

64-7 

10-06 

18S9-6 

20 39 w. 

3 21 ff. 

24*0 AV. 






18580 

22 42 w. 

1 58 -vf. 

24-7 w. 


04 09 

+42 

64-9 

HWKl 

1868-0 

20 52 w. 

1 58 w. 

22-8 AV. 


63 34 

+42 

64-3 

0 

10-00 

1855-0 

1858'0 

2()'(,i8 w. 

1 58 w, 

22-1 AV. 


61 18 
61 01! 

+34 

+42 


i)-95 

1858-0 





61 10 

+42 

61-9 

9-75 

1858-0 

20 2!)w. 

1 58 w. 

22-5 AV. 


63 22 

+42 

6#l 

9-98 

1858-0 

20 16 -iv. 

1 68 w. 

22-2 AV. 


62 49 

+42 

m 

9-93 

18580 





62 34 

+42 

m 

9-02 

1858-0 

20 13w, 

1 58 w. 

22-2 AV. 


63 03 

+42 

m 

9-90 

1858-0 

19 67 w. 

1 58 w. 

21-9 AV. 


62 40 

+42 

m 

9-90 

1858-0 

19 35 w. 

1 58 w. 

21-6 AV. 


61 25 

+42 

62-1 

9-74 

1 '.‘-I 





63 06 

+36 

63-71 

63-7 


i s |> II 

II 

3 21 w. 

21-6 w. 

0 

62 28 

+72 

63-7 J 

9-84 

1 < ■! 

1 1 

1 ' 1 ■ N ■ 

■ 1 

: ■- ■: 1 ■■ 

! 18 21 w. 

1 58 yf. 

3 21 w. 

j 

21-9AV.1 

21-Hav.) 

21-9 w. 

63 07 
62 30 

+42 

+72 

63-81 
63-7 J 

■ 63-8 

s«}”* 

1«58-() ! 

! 1 58 w. 

20-.3W. 


60 38 

+42 

61-8 

9-69 

IHnh-O i 

•20 01 w. 

i 1 58 w. 

32-0 w. 


64 00 

+42 

64-7 

10-01 

,lS5S-() ! 
1 1 

illl l/w. 

i 1 58 w. 

21-3 AV. 


61 36 

+42 

62-3 

9-79 

i 18.18-0 ! 
: iK(;!)'0 i 
j 

: 20 (III ,v. 
!I8 13 w. 

1 .18 w. 

. 3 -21 w. 

1 

22-0 Av.l 
21-6 AV. f 

21-8 AV. 

64 06 
63 23 

+42 

: -1-72 

1 

(;4-«" 

61-6. 

04-7 

; 9 85 ■■ •' 

¥ 

h 858-0 ! 

! 19 40 w. 

1 58 w. 

21-6 AV. 

1 

1 

(!;i 19 

; +42 

64-0 

993 

l86!)-0 1 

! I 

1 

;17 .10 \Y. 

■ 

3 21 w. 

i 

21-2 AV. 

1 

i 

1 61 58 

1 

i 

1 

63-2 

9-76 


3 V 


ObBorverB. 


Lofroy. 

BarnoLt. 

Ijofroy* 

Vaillant. 

Vuillant. 

Jianuilt, 

Viiilliuit.. 

Vaillimt. 

.lilniuiii. 

]5nnan. 

Knnaih 

Hulivan. 

Viiiilmii'u 

KnutuK 

])u IVtit TlioimrH. 
Vail hint, . 

Vaillnui. 

I Kii/. Tioy. 

IJtiy. 

Pii i'dii 'rhdiiais. 

Du ThouuvB* 
Koy. 

Vii;/, 

\m liny. 

Fiix Iloy. 

FiU liov. 

Hohr, 

tSIiinloy. 

Stnnlcy. 

Banioiit. 

Dinnonti. 

ObflOTvat-tJiy. 

lmm\L 

Liunont. 

Mnlimoud. 

Lamottti. 

Danionb. 

Latnonl;* 

l/iimont 

Lattionfc 

Lanioni). 

Lamont. 

Batnont, 

D*AbWlic. 

Perry. 

T.auif)ul'. 

Larijont 

Liimont. 

Lamuut.. 

Ijamonfc* 

Perry. 

Jjamoni;* 

Perry. 
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G-ENEEAL 8IE EDWAED SABINE ON TEEEESTEIAL MAGNETISM. 


ZONE II.— LATITUDE 45° TO 50° N. 


Lamont 
P6i*ry . 


A.utlionties. 

Gaimard Voyages en Seandinavio &c., vols. ii. and iii. 1838 to 1840. 

f Brdmagnetismus S.W. Enropa’s (Miinchcn, 1858) ; Magnetic Survey of Bavaria, Miinicli, 
1 1854 ; Sonnen-Emsterniss in 1800 (Muncheu, 18(52). 

/Magnetic Survey of the West of Eranco, Philosophical Transactions, 1870; and of the 
L East of Eranco, Boyal Society Proceedings, 1871. 

Sabine Philosophical Ti’ansactions, 1828, Art. I. 

Arago 

BlosseviUe .... 

Duperrey 

Lottin !> Contributions to Terrestrial Magnetism, 1840, Art. IV. 

D’Abhadie .... 

Daroudeau .... 

Eox 

Baeho Magnetic Observations at Station-s in Europe, Amor. Ph. Soc. Trans. 1840. 

(iuetelet Mem. de I’Aead. Eoy. de Bruxelles, vol. vi. 

f Contributions to Terrestrial Magnetism, No. I. Philosophical Transactions, 1 840, Art. IN^. ; 

• • • . • * 1 ^ Cornwall Polytechnic Society’s Eeports, 1869. 

Eorhes Transactions of the Iloyal Society of Edinburgh, vol. xiv. 

Eiimtz, L. E. von. . . .Eepert. fiir Metoor. Band I. Hoft 2 (Potoi’sburg, 1870). 

KToil Magnetiache &o. in S.E. Europa’s &c. (Wien, 18(52). 

N ovM-a (Amtaioii 1 ^ (Wion, 1 S02-C). 

Frigate) J 

Eussian Officers . . . .MSS. in. Magnetic Office, communicated by Pi'ofi'ssor L. S. Kiinvtz. 

Dirkoff MSS. in the Briti.sh Hydrographic Office. 

Gunttier MSS. in Magnetic Office, communicated hy ].h-ofcisaor L. B. Iviimtz. 

Hausteen and Duo . .Maguetischo Booh, in Ost-Sibiricn (Christiania, 1,80.3). 

Sawaliof Bull. Phya. et Mathdm. do I’Acad. Imp. do Jlussic, vol. x. 

Wild Eopert. fiir Metoor. Band T. TToft 2 (St. Petersburg, 1870). 

Humboldt Asic Cenirulo, vol. iii. 

■ Ivatiii.sk Survey of the Gaspiau Sea, 1870 (in Euasian). 

Eederow !MSS. in Magneue Office, eommnnicaiod by M. Struve. 

Euss liriim. lie I’Acailemie de 8L. Pdtorsbnrg, 1838. 

Eritsche Eeport. fiir Meteor. Band I. Hoft 2 (Polorsbuvg, 1870). 

Lhtho Mora, hy Lenz in the Sc. Mom. Acad, do St. Petersb. 1838, 

.firman (Sea 


vaEioiis) J 

Xellott, Collinson, 
Crane, G. II. Rich- 
ards and Penchu'. 


Eeisc um die Evde (Burihi, 1831 ). 

(ScrPOhsciTations.) "MSS. connnunieateil hy the British Hydrogniphic. Ollioo. 


Haig Pljiiosophical Transnclions, ‘18(52, 

Lefroy American Siir\Ty, Pliilosophical Trai^aclions, 1840, Art. XVII. 

Palliscr Boundary Survey. !^^SS. in Magnetic Office. 

Mooi’c (Sea Observatious.) MSS. in Maguotie Office, rceoivod from Admiral T. E. L, Moore. 

U. S. Coast Survey . .Annual Reports, lSo(> to 1SG3. 

Bayfield !MSS. in IMaguetic Office, communicated hy the Ilydrographor. 

Looko Sabine in .Philosojjln'cal Traitsaotions, 1840, Art. XVll. 

r Amoric.an Philosophical Society Hha nsactiojis ; and Contributions to Terrestrial Magnotism, 

..oomis ^ Philo.sopbical Transactions, 1840. 

E£i, 6 . .PhEosophioal Transactions, 1846, Art. XVII. 

Boundary Survey, . , .Philosophical Transactions, 1849, Art. XII. 

Graham Contributions to Terrestrial Magnetism, Philosoiihical Transactions, 1840. 

Keely Philosophical Transactions, 1848, Art. XIV. 

Shadwell .MSS. in Magnetic Office, received from, the Hydrographer. 

^E^ne} MSS. in Magnetic Office, received from Admiral Duperrey. 

Du Petit Thouars . . . ; PhEosophical Transactions, 1849, Art. XII. 
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ZONE IL—Iat. 45° to 50° N. 


f 


Stations. 


I/at.N. 


0 / 


: Havre 

Augoul^me 
Le Mans . 


49 29 
45 80 
48 00 


. Poitiers 


46 85 


■ Tours 


47 24 


Perigueux 

Limoges 

Oliateaiu'oiu 


45 U 

45 50 

46 48 


Orleans . 
Etampes. 

Amiens . 


47 54 

48 26 

49 54 


Paris 


Bonrges 

EonUtinobleau 
Meaux 

Clermont 


Novors 

St. Pouroain < 


Moulins. 


' HririrP 

Iv- 

II" 

s,. i::! 

\ iU'llV .M"' .■ 


48 58 


47 05 

48 24 
48 58 

45 40 


47 00 
46 li) 

46 34 


J 18 

. Ilf 
. ■!:' 

. i.j 
. 15 


Lyons. 


Toumon 

Macon 


Dijon..., 

Dole 

Pollaiitl 




45 40 

46 04 
40 18 

47 19 

47 06 
47 0!) 


Gvcnoblc 145 12 

Ak *46 44 

y. .1). (le .Myans 46 31 


Gcncvii- , 


40 12! 


Vcsoiil 

Annecy 

Metz 


45 37 
45 54 . 
4!) 07 : 




Declination. 

Inclination. 



Long. E, 

Date. 

Ob- 

served. 

Correction 



Ob- 

Corrociiou 



Force in 

TiiMt.inli iiniin 

Observers. 


to Epoeli 
1842-6. 

Corroeted. 

florvocl^ 

to Epoeli 
1842-5. 

Uon-oeied. 



0 / 


0 / 

0 / 

Q 


0 / 

t 

0 



■ ■ ■ 

0 06 

1840-0 





67 55 

-07 

678 


10118 

Gdimiml. 

0 09 

1858-0 

19 50 w. 

1 58 w. 

21-8 vv. 


(>4 li!) 

+42 

66-4 


10-17 

LaiiKmi. 

0 12 

1858-0 

20 2b‘ w. 

1 58 w. 

22-4 vv. 

0 

66 18 

+42 

67-0 

0 

10-27 

10-161 

9-97] 


Lamonti. 

0 20 1 

1858-0 

1869-0 

19 56 w. 
18 19 w. 

1 58 w. 

3 21 w. 

21-9 vv. ^ 01,0 ,,, 
21-7 vv.r'*'"- 

65 08 
04 28 

+42 

+72 


10-07 

Liunont, 

,1’erry. 

0 41 

18580 

19 54 w. 

1 58 vv. 

2M> w. 


65 41 

+42 

6(1-4 


10-22 

Lamnni;. 

0 43 j 

1S58-U 

19 27 w. 

1 58 w. 

21-4vv.lo,.„ ... 






lawnont. 

l8(;9-0 

17 41 w. 

3 21 

21-0 vv. , 


()ii 24 

+72 

tMi; 



Terry. 

1 15 

18580 

19 24 w. 

1 58 w. 

21-4 vv. ■ 







IjiunoTit-, 

1 41 

1853-0 

19 22 w. 

1 58 w. 

21-3 vv. 


65 07 

+.12 

05-8 


lO-KI. 

Liunoni. 

1 54 

1858-0 

19 25 w. 

1 58 

21*4 vv. 


65 63 

+42 

66 6 


10-23 

lljiinumli, 

2 10 

1858'0 





li(i 15 

+42 

67-0 


10-28 

Tvamonl.. 

2 18 1 

1858-0 

19 56 w. 

1 58 w. 




’oii-b 




Lull unit. 

1869-0 

18 19 w. 

li 21 w. 

21-7 vv.J 


66 48 

+72 



Perry. 

/ 

1827-5 



\ 


67 33 




10-151 

Sabine. 


1833-5 






-24 

67-2 





libiHHOville. 


1834-5 





67 21 

-22 

(57‘0 




Du[)crrey, 


1835-5 

22 bi w. 

0 53 E. 

21-2 vv. 


1)7 24 

-10 

67-1 




Anigo. 


1836-5 





67 26 

-16 

(57 2 




L>itin. 

2 20 i 

18:J7-5 



* ft ♦ • 

21-2 vv. 

()7 21 

-U 

67-1 

(17-1 


10-13 

Unclie, 


1838-5 

21 38 w. 

0 30 B. 

211 vv. 


67 15 

-11 

67-1 


ftfti #» 


narniwleavu 


1839-5 






67 13 

- 8 

67-1 


10-1(1 


Queieliii. 


1 839-5 


• ♦ M * • 



67 13 

- 8 

(17-1 




DAbbntlie. 


18425 

21 29 w. 


21-5 vv. 


67 06 


67-1 


10-15 


Ijiutumtv „ 

\ 

1869-0 

17 51 w. 

3 21 w. 

21-2 vv.J 


65 53 

+72 

67-1 J 


10-07J 


I’erry. | 

2 21 

1869-0 

17 00 w. 

3 21 vv. 

20-4 vv. 


64 33 

+72 

(16-8 


!l-97 

I’l-rry, ) 

M. 

2 38 

1838-6 


1 1 1 



66 59 

-11 

66-8 


1(1-03 

2 53 

1858-0 

19 16 w. 

1 58 vv. 

21 ’2 vv« 


.66 24 

+•■12 

67-1 


10-27 

lianiotit, ' 

3 00 1 

1838-5 





165 12 

-10 

1 65-9 
6-1 ■9)"“ " 


rjiuiiuiiL 

1858-0 

18 34 w. 

1 58 vv. 

20-5 vv. 


|64 12 

+42 

1(1-09 

3 09 

1838-5 


• «« » « P 



^65 56 

-10 

65-8 


9-94 

Fox. 

3 17 

1838-5 



* • ri - - 


65 33 

-1(1 

65-4 



Fox. 

f 

1838-5 





65 33 

-10 

65-4 



Fox, 

3 20 \ 

l«58-() 

18 39 w. 

1 58 w. 

20-6 vv. 1 

.20-3VV. 

64 43 

+42 

65 -4 

65-4 

10-12^ 

. 10-02 

Lmiont. ' 

1 

1869-0 

10 30 w, 

3 21 w. 

19-9 VV.J 

64 05 

+72 

65-3 J 

9-92 J 

L’orry, 

3 23 

1858-0 

18 22 w. 

1 68 w. ; 

20-3 vv. 


63 44 

+42 

()4-4 


loot 

Tumvont. 

3 57 

18.68-0 





66 36 

+12 

67-3 


lO-.V 

LfttflOUt. * 

4 (12 

1869-0 

16 43 

3 21 vv. 

20-1 w. 


65 56 

+72 

67-1 


10-10 

I'fti-ry. 

4 23 

18i;9-0 

14 5.5 w. 

3 21 w. 

18-3 vv. 


63 04 

+72 

6.1-3 


9-85 

I’orry, 

4 42 

1869-0 

17 OOw. 

3 21 w. 

20*4 vv. 


63 30 

+72 

64-7 


9-89 

Torry, 


1837-6 





64 49 

-U 

64'(! 


9-94 1 


ilMho. 

4 49 - 

1859-5 


« 4 > # If * 



63 53 

+48 

6t7 

U4-6 


9-91 

.1%, . 


1869-0 


• « « f ■ « 

• ■ *14. 


68 16 

+72 

64-6 


9-88 


Perry, 

4 60 

1858-0 

17 41 w. 

1 58 vv. 

19-7 vv. 


03 18 

+42 

04-0' 


1000 

.lAtuoni 

4 50 

1860-6 

17 36 w. 

2 17 vv. 

19-9 vv. 


64 14 

+49 

65-1 



•Lamoiit. , 

5 02 1 

1858-0 

17 56 w. 

1 68 vv. 

19-9 vv.l 

.20-0\v, 

64 55 

+42 

65-6 ■> p 
65-6 j 

10-09 

Tjamoiii 

1869-0 

16 36 w. 

3 21 w. 

20*0 w. 

64 24 

+72 

9-94 

I'orry. 

5 29 ^ 

1869-0 

16 05 w. 

3 21 vv. ' 

19’4 vv. 


64 13 

+72 

66-4 


9-93 

Perry. 

5 29 

1 869*0 





64 15 

+72 

65-6 


9-97 

Perry. 


1838-5 





64 11 

-10 

64-0’ 

64-0 


Jox. 

1809-0 

16 48 w. 

3 2i w. 

19-2 vv*. 


62 54 

+72 

64-1, 

9-73 

Perry. , 

6 S5 

1838-5 


ft ■ « » 

* * V. P» 


64 36 

-U 

64-4 


.... M 

Pox. ' 

5 59 

1869-0 

16 11 w. 

3 21 w. 

18-5 vv. 


62 53 

+72 

64-1 


9-83 

Perry. 

/ 

18290 



V 


, 




9-931 


Qnrtelrfc 


1834-5 





65 06 

-27 

64 -O'! 


9-92 


6 08 ^ 

1837- 6 

1838- 5 



j 

.lO’Ovv. 

64 50 
,64 .55 

-14 

! -11 . 

64-6 

61*7 

► ()4-(i 

9-H6 

■ l)i)0 

Liiicbc. 
i .box. 


18J3-0 

, 18 57 \v. 


19-0 vv. 

i 


1 





1 Tl.mtamour, 


1859-5 

1 


1 

1 > 

i 

' 1 

Oli .lij 1 +48 

64-7 j 


; 

! Kex. 

1 

6 09 

! 1842-5 

|i li) 22 w. 


i 19-4 vv. 

1 


1 

1 1..... 




i 

1 

‘ I-Jiifiumt. 

6 10 

l8;;«-5 



1 


64 ‘11 


64-6 


9-81 

l-'ox. 

6 10 

■ 1869-0 

M 15 53 w. 

i 3 21 vv. 

1 19-3 vv. 


iC5 27 

+72 

66-7 


i 10-00 

Perry. 
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GENEEAL SIE EDWAED SABINE ON TBEEESTEIAL MAGNETISM. 


ZONE IL— Lat. 45" to 50° N. (continued). 


Bolfort 47 38 (5 52 

Ohauiouni 45 55 (i 52 

Payeme 46 48 6 56 

Le Jardiix 45 55 () 55 

Sarrebourg 48 44 7 03 

Bex 4G 16 7 03 

St. Bernard 45 52 7 10 

Xowoiici'lc 4(5 53 7 17 

rsi'iihi'im 48 01 7 17 

Aosta * 45 44 7 20 

Homburg 40 10 7 21 

Benio 46 57 7 25 

Basle 47 33 7 33 

Oettingeu 47 33 7 36 

Pirmasenz 49 12 7 37 


45 05 7 42 


10 28' 7 45 
•ii'i i'll) 7 45 


. . ■; 7 47 

■■ ■ . . . - ; , 7 49 

iu'cibiu’g 46 lu 7 51 

Interlacben 46 42 7 52 

OMmrg 48 38 7 56 

Xeustarli 40 32 8 08 

LiiTiiieiikandfl ’49 05- 8 12 

Baden l.lS 45 | 817 

Luuerne 147 03 ! 8 19 


Carisruhe ....... 

T.iidwigsbaloji , 
iS|)oyer 

ALiimiicim 

Diiriai'li 

Jloiian.'JCiiingGn . 

Isolji Bollji 

St. GoMianl .... 
Ziirieii 


.49 01 8 24 

.40 29 8 26 

.l-JO 18 8 26 

J4!) s -n 


(K) 

,.■•17 .= 57 ' 
.l-is ;).•}! 
.! •tii .‘w ■ 
.;-i7 23: 


Obi'mcloi-r 

^'clinil'iliUIMM 

.... 

Plbrelieim 

ITeiJidbw'g 


1843'5 19 04 ff. 

1832-5 

1838-5 

1832'S 

1842-5 19 08 w. 


Ifl32'5 

1832-5 

1838-5 

1889-0 I5 47w. 3 21w. 


1842-5 19 03 w. 

1838-S 

1838-5 

1842-5 18 38w. 
1842-5 18 53W. 


1838- 5 

1839- 5 

1887-5 

1842-5 18 50W 

1860-0 16 35 w. 3 2Iw. 


1838-5 

1842-5 18 46w. 
1842-5 I 8 32W. 

1832-6 

11832-5 


18.12-5 18 3rw. 
1842-5 i8 40w. 
1842-5 18 39w, 

1838-5 

1859-5 1 

18-.2-.' I> 21 »-. 

18 27 -A-. 
1842-5 1 18 29 w. 

1838-5 I 

1 1842-5 jia23w. 

i 1812-.5 • 18 22 Av. 


, IS 15 vv 

17 27V-. 0 5.'! w. 


18 31 w.j 

I 

. IS o;V'v.. 

18 23\v.j 
18 20 w. 


Stodaoli 147 51! S 5!) i 1842-5 ' 18 08 w. .. 

Tubingiin 1.-18 .’ll | !) 03 , 1812-3 . IS 0!) w 


45 48' 9 04 l 0 55 ,v. 


■Puvia '45 Hi 9 10 


L 1887-5 
I 1850-0 
111867-5 
■| 

f ' IS3R-.8 
: 1839-5 


1 7 07 w.; 0 i>5 w. 


[45 28! 011 J : = ■■■■:• 

I ; ■ 17 13 w,! 0 {)J w. 


„ ! \ 1 1867*6 il ; 

Hcdsbroiin 40 00 9 13 , l»42 o '! 17 19 vr ! 

: i =! ! ’ ^ 

Mittcnberg 149 42 9 15 ; 18425 -1 18 22 m- i 

Mo-i-sbiirg 1 47 -11 ; .0 17 ! 184-2-5 -i 17 55 vj 

: 47 30 1 9 41 ' 1850-0 i! 10 27 w. o'm iv. 


18-4 w. 


18-4 w. 
17-9 fl-. 
17-4 w. 


II 83 40 
(12 42 
:. 83 OS 
;;()2 12 

183 65 
'(M 111; 
1-83 08 i 
!i(;2 -27: 


ij 88 50 
jl 85 24 
i! 84 49 



85-9 

(18-1 

85-8 


Slil,,., I(K81 
11-8 10-17] 


?;!n83-!!" 

(>.18 I 

63-5 i fl-81 

83-3 


83'71 

fiM 

83-5 ^ 


riauioiiL 

Korbi'H. 

IA)x. 

I'\)rbes. 

BunionL 

Porlu'rt. 

PorboH. 

Pox. 
ibuTy. , 
Poi'beft. 

Tjrttnont 

Pox. 

b'ox. 

hainoni. 

Painoiit. 

Ibu'lu'. 

1)‘88 iladiM, 
li. lA ICiiuiiz. 
lininonU 
ibuMy. 

b'orbi’M. 

lifiiiiont. 

LanioiiL 

b^irboH. 

'hniiioht. 

TjanionL 

LfunotU. 

i^'ox- 

Pox. 

Lainont, 

Laniout. 

Lmuoufc. 

iZmi. 

Tjtwuml. 

Laiiiotili, 

Kwtil. 

F()vI)hh. 

■Tj. 1<’. Kiiinte, 

Latiioiit, 

Fox. 

Lmnont, 

Liintont. 

Lamont. 

Ltimont, 

Lainonl;, 

Kroil. 

L.F.3Cilmk 

Itn'il. 

1 L K KihiiU. 

I 

Bacho. 

Qiidelof.. 

Kml 

L. P. .Ifiiintx. 
Liiiioiit. 

I 

l.nmont. 

IjJlllK'lit. 

JCrei). 
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ZONE II.— Lat. 46° to 60° N. (continued). 
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; Bludcnz.... 
Sondrio .... 
Wurzburg . 
Arnsteiu.... 
■Weiler .... 

' Ulm 

Orailsheim. 


. Aalen 

. Ellwangen... 
Heiclenhoim 
Eothonburg 


Brescia 

■ St. Clu’istoplior ... 

. Uffcnlioiin 

Immonstadt ...... 

Gmizborg 


Kompton ... 
■ Dinkolsbulil 

.Boniiio 

Burgau 

-St, Maria ... 


Sailing 

I'jauiwgon ... 
iSlilforajoch 
Nordliugon 
' Miiidolhoim 


Dillongon 

Mala 

Lmideck 

Oi '. iiii. "I 


Kuivfbouren ... 

Inist 

Eussen 

Woinding 

Cun wall iiuiscii 


!l)nnaii\viiri]i 

.ir.-uiluii 

Buolidorf ... 

Biva 

BurolaUeini 






Declination. 

Inclinntion. 

Stations. 

Lat,N. 

Long. E. 

Date. 

Ob- 

served. 

Correction 
to Epocli 
1842-5. 

Corrected. 

Ob- 

Rorvtkl. 

Correction 
to Epocli 
1842*5, 

CoiTl!(lt 0 Cl. 


Force ill 
Britisli uuila. 


17 <).' 

46 10 
49 47 
<19 .58 

47 35 

48 25 

49 08 

48 SO 
48 58 

48 41 

49 23 

48 00 

45 32 
47 08 

49 .33 

47 3:1 

48 27 

47 4,3 

49 04 

46 30 

48 26 

46 31 

47 32 
•18 3.t 
46 32 

48 51 
48 03 

48 35 

46 41 

47 08 
19 18 
1.-' 57 

47 s;) 
47 14 

47 :i4 

48 .53 

49 07 


9 I'.i 
9 53 
9 55 

9 57 

9 57 

10 00 
10 04 

10 05 
10 08 
10 09 
10 II 
10 11 

10 11 
10 12 
10 13 
10 13 
10 IS 

10 18 
10 19 
10 22 
10 24 
10 24 

10 25 
10 25 
10 26 
10 29 
10 29 

10 30 
10 30 
10 31 
10 34 
10 36 

10 37 
10 40 
10 42 
10 43 
10 45 


•IK .13 : 10 47 
15 09. 10 17 


48 47 
45 53 

49 01 


Lnidsbcrg '-IS 03 

llaiiilicrg l49.53 

J’li'aircuimreii ' )S 33 

Augsburg IS 22 

IVilliiig '.17 -18 


Yoronn 1 45 26' 

Fiirlli I.IO 29' 

Frliiimen 49 36 ' 

S.;liwilwh '.|9 20 

jrohcupreissi'uburg ...:47 48. 

I’orclilicini ;49 -13' 

llornlc 

ICnlilgrub 

Minilii'iin 

Nuremberg .... 


10 49 
10 .50 
10 51 

10 53 
10 53 
10 .5 4 
10 51 
10 55 

10 .58 

10 59 

11 00 
11 01 
n (II 


.147 .39 
47 40 
1.18 51 ' II 1)1 
49 27, 1’ 01 


11 03 
11 03 
11 0,3 


l.'^.'UiO 


2S ' 


" 55 


Piirteiikirclicii 47 30 11 06 

Tvieui 46 04 ; 11 06 

Almsberg 18 49: n 07 

Meraii 146 40 i 11 08 


1:1 :;o 


]8;)00 

k; 09 w, 

0 55 w. 

17-1 vv. 

63 50 

1812-5 

17 51 w. 


17-9 vv. 

66 39 

1812-5 

17 48 ff. 


17-8 vv. 

1)0 4|J 

18426 

17 :iO\v. 


17-5 vv. 

05 14 

1842-5 

17 :i.5 w. 


17-6 vv. 

65 43 

1842-5 

17 38 w. 


17-6 vv. 



1842-5 




65 59 

18425 

17 41 w. 


17-7 vv. 

65 58 

1842*5 

17 4t\v. 


17-7 vv. 


1842*5 

17 •‘iS w. 

* » * * k * 

17-6 vv. 

00 22 

1812-5 

17 28 w. 


17 -5 vv. 

65 23 

1850-0 

16 22 ff. 

0 66 vv. 

17-3 vv-. 

63 10 

61 16 i 

1850-0 





1812-5 

17 41 w. 


17-7 vv. 

00 20 

1842-5 

17 26 w. 


17-4 vv. 

05 00 

1842-5 

17 26 w. 


17-4 vv. 

65 43 

1812-5 

17 22 w. 


17-4 w. 

65 12 

1842-5 

17 ,31 w, 

. , V » 

17-5 vv. 

66 08 

18.50-0 

16 17 w. 

0 55 vv. 

17-2 vv. 

63 56 

1842-5 

17 23 w. 


17-1 vv. 

65 44 

1850-0 

16 09 w. 

0 55 vv. 

17-1 vv. 

6,3 57 

1842-5 

17 08 w. 


17-1 vv. 

65 00 

1812-.5 

17 29 w. 


17-5 w. 


18.50-() 




63 58 

1842-5 

17 25 w. 


17-4 w. 


1842-.5 

17 20 w. 


17-3 vv. 

65 21 

1842-5 

17 21 ff. 


17-3 w. 

65 46 

1850-0 

K) 05 w. 

0 55 vv. 

17-0 vv. 

64 01 

1850-0 

16 10 ff. 

0 .55 vv. 

17-1 vv. 

64 22 

1812-5 




66 19 

1842-6 

17 21 w. 


17-3 vv. 

65 59 

1812-5 ' 

17 21 w. 


17-3 vv. 

66 09 

1850-0 

16 08 w. 

o'sSvv. 

17-1 vv. 

(U 2,3 

1812-.5 

17 09 vv. 


17- 1 vv. 

65 00 

18.12-5 

17 28 vv. 


17-5 w. 



18-12-5 

17 22 w. 


17-4VV. 

66 07 

1842-5 

17 14 w, 


17-2 vv. 

65 5.3 

185()0 

15 43 w, 

0 5.5vv'. 

16-6 vv. 

62 55 

1842-5 

l.^.'iilU 

17 13 w, 


17-2 vv. 

63 16 

ISI2-.5 

18 Oi V. 


18-1 vv. 



1842-6 

17 08 w, 


17*1 vv. 

66 21 

1842-5 

17 16w, 


17-3 vv. 

66 40 

18.42-5 

16 55 w, 


10-9 vv. 

66 .39 

1S.I2 5 

17 09 vv, 


17-1 vv. 

65 35 

I I812-.'i 

17 08 vv, 


17-1 vv. 


MS, 5(1-0 

! is 39 vv 

! 0 55 w. 

16-6 vv. 

63 06 

1KI2-.I 

■ 17 12 vv. 


17-2 w. 


1SI2-.5 

17 17 vv 


17-3 vv. 

66 24 

• I8I2-.5 

■ 17 14 vv 


17-2 w. 

66 05 

1 1812-5 

■17 02 vv 
1 


17-0 vv. 

65 08 

1812-5 

117 I6vv- 

17-8 w. 


, IS42-5 

n; 59 w 

17-0 vv. 

64 56 

1 1.S.12-;i 

il7 W)vv 

... 

17-0 vv. 

n.| 56 

18.rJ-.5 

1 - . ■ J - 



66 01 

. 1H.I2-.') 

.17 13vv 

17‘2 vv. 

1-66 15 

18.1 ‘2-5 

! Ifi 5f» w 


16-9 vv. 

! 6-1 .30 

)' 1 18.37-5 

1 

1 

1 

1 ; 64 05 

!_ i 18,50-0 

■1 l;p 57 u 

. 0 5.5 vv. 

16-9 vv. 

63 18 

i 181-2-5 

J 1(1 47 V 

■ 

16-8 vv. 

■ 65 .32 

1 1850-0 

07 vv 

.: 0 55 sv. 

: 17-0 vv. 

(hJ 54 


■ 20 
+20 


+20 

- 1-20 


- 1-20 

+20 


- 1-20 


+20 

- 1-20 


+20 


+20 
+ 20 


+20 


-1.3 

+20 


III S 

64'2 
6117 
66-8 
6, 5-2 
657 


66'0 

6(M) 

66-4 

65-4 

6.3r» 
61'6 
611-4 
6.5 I 
65-7 

65-2 

6IM 

(ii:i 

657 

64- .3 

6.5-0 

m 

65- 3 

65- 8 
111 ,3 
617 
6(l‘,3 

66 - 0 

65-1 
647 
65 0 


-20 


6(M 

65-9 

(i3-3 

'(iii’ii 


65'3 

66'7 

65-7 

66'6 


63'4 

I * * M » 

66-4 

6(M 

65-1 


6 1 -9 
: 64-9 
i 116-0 
66-3 

I 64-8 
- 6, 3-91 
6.3-6 • 
• 65-9' 

! 64-2 


ObservorB. 


63-7 



Kreil. 

9 - 8.1 

Kreil. 

Ill'll 

Idiiuont, 

10-16 

liiimont. 

KHiO 

haiinml. 

10-07 

Liinintii. 


[iummii, 

10-01 

Lainoni, 

10-02 



Laniimt. 

io-09 

Tiiiinont, 

1000 

lAnuunt. 

9-81 

Kreil. 

im 

KroiL 

10-07 

liMiiioni, 

10 01 

Ltuninil. 

10-06 

Lfuiuuito 

10 01 

Ijiimont, 

1(HI7 

Iviununl, 


Kreil. 

10-07 

IiltlllDllt. 

9-85 

Kreil. 

10*00 

LitniunK 

i Vk k 

Kiunent, 



Kreil, 


liiuitoni* 

io -02 

lintnunL 

10-95 

LiuncitL 

9-85 

Kt-eil. 

IHK) 

Kreil, 

10-11 

Lfunenl* 

10 0.5 

Liimuni, 

9-97 

Ijfunontt 

9-84 

Kreil, 

9-81 

Ijiunont. 


LuiiioiiU 

l(i-08 

Ijanumt* 

1007 

LanmiiK 

9-82 

Kri'il. 


lianjetiL 

"li-Hs! 

Kreil 


l^amont 

10-92 

Tiamont; 

9-86 

Liuuonl 

10-05 

.Lauioiit, 

10-04 

Lament. 


iErfimont. 

0-85 

ML 


Larnmit. 

10-U 

Tjflmonl 

10-04 

Lanionl 

10-01 

Jjamont* 


LaniouU 



' !l'95 

, I.MinnilL 

10-08 

' I.iitneiil.. 


‘ liunonl. 

' 9-l).-> 

' la II 10 nt. 


' leiclie^. 

■ 9-78 1 

1 Kreil. 

10-09 ' 

1 .IjMJlOlll. 

9-84 

I Kreil. 
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GENERAL SIR EDWARD SABINE ON TERRESTRIAL MAGNETISM. 


ZONE IL— Lat. 45° to 50° N. (continued). 


Stations, 


Declination, 

LatN. Long,!. Date. p.. Correction; 


Inclination. 


Correction 


to Epoch Corrected. to Epoch Corrected, 

serred. served, 


Force in 
British units. 


Observers. 


Weilheim 47 50 11 09 

Neuburg, D 48 45 11 11 

Murnau 47 41 H 16 

Lanf 49 31 11 17 


18i2'6 17 01 w. 
1842'5 17 07w. 
1842'5 16 55 w. 
1 842-5 17 10 VV. 


Boteen 46 30 11 18 1850-0 16 03 w. 0 55 w. 


Altdorf 

Eochel 


Innspruok . 


49 25 11 21 1842-5 I 7 03 \v 

47 39 11 22 1812-5 I6 50w 

1834-5 

47 111 11 24 1 837-5 [ 

47 10 11 24 ,ggg.g 

18.(0 0 15 51 w. 0 55 AV. 


Benedictbem-n 


47 43 11 24 


- i. O-: 

Ingoldstadt 48 46 

Wollrathsbauseii 47 55 


i; n--: U 25 
48 46 1 11 25 


Benedictenvand 47 39 11 27 

Greeting 49 03 11 27 

Heuimmrkt 49 16 11 29 

Tnnn 49 10 11 31 

Tol/. ;47 46 11 33 


Ticeuza j 45 82 

Bayrenth |49 57 

Geiscnfold 48 41 

Mnnicli 48 0!) 

Raltenbcrg 47 27 

Holzkirohen 47 52 j 

Sulzbach 4!) 30 

Freysing 48 21 , 

Rovigo '45 Oil 

Mirabach 47 47 , 

Sclilierseo 47 41 

Amberg 49 27 

Padua 45 24 

Kellieim 48 55 

Brimnecken 46 48 

Erding 48 18 

Moosburg 48 28 

Oslcrhofea 47 41 

Aibling 47 52 

Weudolstein 47 42 j 

Agordo 16 17 1 

Selwandorf li) 20 

Both :47 59' 

Laudshuti i48 32- 

£o.senhei]n |47 521 


Weidon 49 41 1 12 0!) 

Haag 48 10 i 12 10 

Nabburg. 49 27 12 10 

Belluno 46 08 12 13 

Mitterteich .... 49 57 12 14 

Wasaerburg 48 03 12 14 

Telden 48 22 12 15 

Giosenhaaseii 48 28 12 16 

Conegliano 45 S3 12 18 


Yeaiee 46 26 12 20- 


1842-5 16 51 av 

1842-5 17 05 w 

18.50-0 15 50 w. 0 55 w. 

1842-5 16 S3 vv 

1842-6 16 50 av 


1842-5 16 47 w. 
1842-5 1 6 59\v, 
1842-5 16 59 w. 
1842-5 17 49 w. 
1842-5 16 3flw. 


1850-0 i 15 .18 w. 0 .5.5 w. 
1812-.5 !17 11 

18.12- .5 l(i52\r. 

1812-5 16 47av 

1850-0 15 36 (V. 0 55 w. 

1842-5 16 43 \v 

1812-5 KiS-lAv. 

18.12- 5 : 16 41 w. 

1850-0 ! 15 02 w. 0 55 av. 
1842-5 16 31 w. 

I IS12-.5 l-i 31 

l>i!-'--i 


, 1842-.5 
' 1812-5 
1842-.5 
' 1842-.5 
1842-5 

i 18,50-0 
1 1812-5 
; 1842 -.'i 
1 1S42-.5 
1842-5 

1842-5 
1812-.5 
: 1842-5 


I.'l in «. 0 55 w. 

16 43av.| 

15 42 w.l 0 53 w. 


16 II AV, 

16 40 Av.l 
16 38 AV. 
16 28 AA-.'- 


1.5 .19 AV. 0 5.5 AV. 
H> 4l AV 


i lO 36 AV. 
■ 16 24 AV. 


16 29 AV.; 


,1842-5 i 16 .54 AV.: 

'1850-0 M.! 35 av.| 0 5.5 \v. 
j 1842-5 16 15 Av.l 


1842-5 11 16 31 w.l 

18I2-.5 .16 29 av.! 

18125 • 16 .32 AV.: 

1850-0 I 1,5 15 AV. 0 .55 av. 

I : 

1838- 5 11 

1839- 5 

1850-0 15 04 w. 0 55 av. 


St, Johann 47 32 12 20 1850-0 15 15av. 0 55 w. 

Yilsbiburg 48 27 12 21 1842-5. 16 28 av 


17-0 AV, 
17'1 AV. 

16- 9 AV. 

17- 2av. 
17-0 AV. 

17-1 AV, 

16-8 AV. 


16-8 AV. 


165 03 
'66 22 
165 2!) 
162 39 
1 65 02 


; 65 OS' 
'•6.5 24 i 


1 65 25 

65 IS 
'66 14 

:C31!I' +20 


j-.63 0()' +20 

’i 63 221 -11 

1,63 06. -08 

■62 48' +!!0 

;!62 04| +67 

l;64 24: +20 


9-87 


; 63-2 •] 9-,S6 

■ 9-84 


I WO- 1 j 


: !)‘90 


Lamont, 

Lainont, 

Liunoni, 

Liiiioiii, 

Kroil. 

Lamont, 

Lamoni, 

LinUiig. 

Quoioloti 

Kroil. 

Lamont. 

Lamont. 

Kroil, 

Lainont. 

Lamont, 

Liimont, 

Lamont. 

laimont, 

Lamont. 

Tiiiiuontt 

Kvtul, 

Lamont, 

.faimonfc. 

Tavmout, 

Kroil, 

Lamont.. 

Lamont. 

Lamont. 

Kroil, 

.Lament. 

Lamont, 

Ijainont. 

Kroil 

Lamont, 

Kveil. 

Lamont, 

Ltmiout, 

Lamont, 

Ijumont, 

lamont, 

Kroil 

.Lamont 

’.Laniont 

LaDiojmt, 

Lament. 

Lamont. 

Lamont. 

liamont, 

l&eil 

Lamont. 

Lainont, 

Lamont. 

Lamont, 

Kroil 

Baolio. 

9'85 

Kreii 

Ir. F. Haintz. 

EreiL 

Bomohi 



GENEEAL SIE EDWARD SABINE ON TERKESTEIAL MAGNETISM. 


375 


ZONE IL-Lat. 45° to 50° N. (continued). 


Stations. 


Lat. NJ Long. E. 


Doclination. 

CoiM’oction 
to E])oeh ( 
18425. 


Corrected. 


.Iiicliriiition. 

CorreeViou 

i to l<]|)0(ih Cori’et'iotl. 
: 1842-5. 


in 

HritiisI] uiiilH, 


Observers, 


0/0 / 


Muhldorf 48 U 12 32 1842*5 10 23 vv. 

Straubing 48 52 12 34 1842*5 10 24 w. 

Hooliberg 47 5t) 12 39 1842*5 10 12 w. 


Stallwang 49 03 

Clmm ‘49 13 

Altolliiig 18 14 

Plan 49 52 

Lienz 40 50 

Tittmoning 48 04 

Eggonfelden 48 24 

Eurglmuscn 48 09 

Reichonliall 47 43 

Vieohtach 49 05 

Deggendorff 48 50 


Laufm 

Berclitesgadon 

Salzburg 


Gaatoin .. 
Oaisborg 
O'olling 
Rogcti 

Alihoim .. 


XJdino 

Schuniberg. 
Klaltau 


Baoliol 


Trieste 


Pisek 

Adolsbci'K 


1(1 2'1 w 

1 () 24 w 

Ifi 41 w 

15 33 w. 0 55 w. 
15 20 w, 0 55 w. 


1() 1.3 w, 
1(1 l(i w. 
Ki 11 w. 
1(! Ofi w. 


47 57 12 59 
47 38 1.3 00 

47 4 H I 302 J 


Boebtfin ^ 47 00 13 02 


.... 47 10 
.... 47 47 
.... 47 35 
.... 48 57 
.... 48 15 


l(i 11 w. 


1842-S lOllw 

18.12-5 

1837-5 

1842-5 l(M2\v 

18 . 5 (H) 15 17 w. 0 55 w. 
1850-0 

1850-0 14 58 w. 0 55 w. 
1842-5 1(5 05 w 


Soherding 48 27 

Pa-ssau 48 34 

Radstadt 47 23 

Gfmund 46 54 

St, ( 3 -eorgo 47 55 

Tsf-lil 47 43 

' V()(!klii!)ni(-k , 48 01 

Pnmizo i 45 14 j 

t'Joi-i! '15 5(5 1 

BlriW . 4(5 3 ( 5 ' 


185 ()-() 15 00 w. 
1812-5 1(5 llw. 
1842-5 1(5 34 w. 

1850-0 

1842-5 1(5 0.3 w. 
1860-0 16 23 W. 

1850-0 

1842-5 16 07 w. 

18 . 50-0 14 . 52 \v. 
1842-5 | 1 ( 5 ()Iay. 
1850-0 1 14 52 w. 
1860 0 15 0(5 w. 
1850-0 15 07 w. 


0 65 vv. 


0 55 w. 


0 55 vv. 
0 55 vv. 
0 55 vv. 


186()0 ISOOvv, 0 . 55 VV. 

1850-0 14 42 vv. 0 65 w. 

18 . 5 ()-() 14 40 vv. 0 5.5 vv. 

18 . 50-0 13 69 VV. 0 .55 vv. 

1850-0 14 38 w. 0 6.5 vv. 


48 59 13 43 18 l:M :;i 52 v. 


45 39 13 45 


iS'iOn 1132-...' 
18,H',') 13 -I'l v.l 


0 .5.') w. 

1 . 5.5 W, 


Kromsraunstor 48 03 


|40 191 
^15 40 1 


Iiielmn 


k'lngcnfnrl'. 40 37 : 

Si. IjiiDilii-eclit 47 04 i 

Flume 45 19 ! 

.Vdinout •; 47 35 '• 

Biidwcis 1-19 00 

Liiibaeli 1 40 03 i 


Slaitibcrg 

Silberboi’g 


.. 48 35 ' 
.148 38 ! 


r 18 . 50-0 14 32 w. 
14 08 t 1853-5 14 17 w. 

1, 1867-5 

14 09 18 . 5()-0 ' 14 63 w. 

14 14 1850-0 II 13 50 w. 


18500 14 3 SW. 

1837-6 

1850-0 14 39 w. 
1860-0 14 98 w, 

18 . 50 - 0 14 33 w.. 

i 1850-0 14 21 VV-. 

' 1850 () 14 13 vv, 

: 18 . 50-0 ■ 

; 1837-.5 1 

i 18 . 50-0 13 59 w.i 

1 18 . 50 - 0 :■ ' 


0 65 w. 

1 20 w. 


0 65 w. 
0 55 vv. 


0 65 vv. 
0 55 w. 
0 .55 vv. 

0 55 vv. 
0 55 vv. 


0 55 vv. 


16-2 w. 
16-3 w. 
16-2 vv, 
1(.!1 vv. 


16-2 vv. 


1 " 6.5 04 

16-2 vv. 16-2 vv. 64 58 
16-2 w.J 61 36 
63 46 

15 - 9 vv. 63 59 

16 - 1 vv. 64 52 

15 - 9 vv. 64 26 

16 - 2 vv. 66 44 

16-6 vv, 


16-9 vv. 


16-6 vv. . 
1 . 5-7 w. ■ 
*'**'•* 


15-5 w. I 64 42 

15 - 6 VrV. !■ 15-6 w. 64 26 

j 63 65 

16 - 8 vv. 65 0 !) 

14-7 w. 62 46 


0 66 w. 16-5 w. 


16-0 vv. 
15-4 w. 
15 -.5 w, 

i 

i 15-3 vv. 
15-1 vv. 


1850-0 ' 

■I 


14-9 vv. 


62 25 1 
' 64 (10 
' 65 04 
i 63 24 1 
: 62 54 1 
'i 64 51 : 
ilCl 451 


65 '3 9 ' 9 H Liinoiit, 

65- 7 10'05 Ijiunoiil. 

65 0 9-99 Liimoiit. 

05-8 11 H )3 Dimoiil.. 

66 - 0 10-07 Ijiiiiioiil. 

65 - 2 9-98 lamoiit. 

66 - 2 lO'OH Krcil. 

64 - 1 9-88 Kwil. 

65 - 1 10-18 Lnnioul.. 

65 - 3 9-97 Ijiimoiit. 

66- 2 9-98 IjhiiiouI, 

64 - 9 9-73 Ijiiiiioiit. 

65 - 8 10-02 Tjivinonl. 

6.5-7 1011 Javiiionl. 

65 1 9-98 lidinonl,, 

64 - 7 9-97 Ijiiiiuna. 

(il- 9 ] " 9-961 Kiirlxu 

65 - 0 1 ( 14-9 9-99 [ 9-96 Iwmioiit. 

( 14-9 1 9-94 1 Ki'i'il. 

64-1 9-83 Kivtil. 

64-3 9-93 Kiv'il. 

64-9 9'95 himidiil, 

64-8 9 ' 9 ;t Kivil. 

6 . 5-7 10-04 I/iilnitiit. 

...... IjIUllOlll. 


Kmil, 

1jIIUI<11)(, 

Kmil, 

Kmil. 

litiiuant. 

Kmil. 

1 ammut. 
Kivit. 
Kmil 
Kmil 


10'04 Lanmnl 

9-88' Bftdio. 

9*85 A.Qfl .Ivveil 

NflVfli-ii. 


L f, Kiimt& 


65-01 O-.^! Kreil 

64 - 9 !.(I. 5 - 0 | 9 -S 7 ;. 9-90 BihIIiuIot. 

65- 0 j i I ' li. K Kiimiz. 

65-5 9-89 Kreil. 

03-1 9-86 Kreil 


9-84 Kmil 

fiK-n lO'Ol 1 11.00 Foplies. 

66-0 ,,,HH M>w 


' 9-95 f 

I 9-92 

. 9-93 

! 9-83 


9'8:i I ,. o. Foi-1k;,m. 
. 9-86 jKt-dl. 

i 9-93 I Kmil 

I 9-89 iKi-cil 



GENERAL SIR EDWARD SABINE ON TERRESTRIAL MAGNETISM. 


Stations. 


ZONE II.— Lat. 45° to 50° N. (continued). 


Lafc.N. Long. E. 


Declination. 


Correction 
to Epoch 
1842-5. 


Corrected. 


Ob- 

served, 


Inclination. 

Correction 

to Epoch Oori’octcd. 
1842-5, 


Eorco in 
Britisli units. 


Observers, 


Kullevang 47 27 14 45 

Gratzen 48 48 14 47 

Eisenerz 47 32 14 53 

St. Paul 46 43 14 54 

IW.’rn-.s |f» OS 14 59 

15 48 15 12 

Allenz 47 32 16 14 

Brack 47 25 15 17 


14 09 w. 
14 22 w. 
1 14 09 w. 

13 56 w. 

14 26 w. 
13 HI w. 
13 62 w. 
13 52 w. 


0 55 w. 
0 55 w. 
0 55 w, 

0 55 w. 
0 55 w. 
0 55 w, 
0 55 vv. 
0 55 w. 


M-9 w. 
16'4 w. 
14-2 w. 
14-8 w. 
14-8 w. 


. 49 32 15 17 
. 46 14 15 18 
. 48 14 15 21 
. 49 57 15 22 
. 47 04 15 28 


Oarlstadt 46 20 

Iglau 49 25 

Horn 48 40 

Marburg 46 35 

Sobottwein 47 30 


46 20 15 35 
49 25 15 38 
48 40 15 39 
46 35 15 41 


Gloiohcnborg 46 52 

Agram 45 49 

Znaiin 48 51 

Steinamauger 47 12 

Pctrimi 45 26 


Warafidin 

Leitomisclil 


46 08 16 1 8 
40 531 16 10 


Vienna 48 15 l 16 22 

Odenburg 4/ 41 1C 35 

Briimi 49 It 10 37 

Beiiovur 45 53* 16 52 

Lundonmirg 48 15 ' 16 54 

PrcHsburp ‘48 09 : 17 00 

Ohinilz -49 36; 17 15 


]S'cii Gradisca 

Troppau 

Trcntscliui 

Ecuese 

Eoniorn 


J5 14 17 26 
■19 56 17 53 
48 52 18 03 
47 02 18 08 


14 12 w, 
13 41 w. 

13 57 w. 

14 05 w. 
13 49 w. 

13 48 w. 
13'56vv. 
13 40 vv. 
13 28 w. 
13 53 vv. 

13 21 w. 
13 37 w. 
13 35 w. 


0 55 w, 
0 55 w. 
0 55 w, 
0 55 w. 
0 65 vv. 

0 55 vv. 
0 55 vv. 
0 55 vv. 
0 55 vv. 
0 55 vv. 

0 55 vv. 
0 55 w, 
0 65 vv. 


1850‘0 

185 l )‘0 13 34 VV. 0 56 \v* 

[ 1842-5 1 4 27 VV. 

1 1850 0 13 31 vv, 0 55 vv* 

1850 0 13 23 VV. 0 56 vv. 

1850*0 13 48 w, 0 65 vv. 

ini’*, n — 


i. r .. " 

h.. ■ . 

11850-0 1113 06\V,1 0 65 vv. 


0 55 w. 
0 55 vv. 


l^fO-O 12 55 
j IS50i» 12 -1.; ■ 

'!''’5iji) i:> |i) < 


47 45 18 12 12 


EanfkirclieTi 40 (H 18 15 

Teschen 49 45 18 37 

Esseg 45 32 18 42 

Tolna 46 25 18 49 

- SchonmUz 48 27 18 55 

1 Ofon 47 2fl 19 03 

|St.Mikloa 49 04 19 40 

liosonetz 48 19 1!) 42 

I Cftrlowite 45 ]1 19 57 

Wiicliezka 49 59 20 04 

Szegedin, 40 15 20 08 

Szolnok 47 10 20 16 

Erltiu 47 58 20 28 

■Kosiniirk 49 08 20 29 

; Sandec 49 84 20 84 

' leatscliou 49 01 20 39 

.Temomr 45 45 21 01 

JCaschau 48 41 21 19 

.Arad 46 11 21 19 

Tokay 48 07 21 28 

Debreezin 47 32 2] 41 

SlTOsiio 49 41 21 47 

Gfoswardein 47 04 21 59 


18.i00 

IS500 

isrioo 

1S500 

185(1-1) 

18500 
' 18.50-0 
; 1850-0 
: 18500 
,' 1850-0 

1850-0 

1850() 

1850-0 

18:i00 

1850-0 

I 

j 1850-0 
1 1850-0 
1 18500 
:i850-0 
1 1850-0 

I 

I 

1 18.50-0 
i 1850-0 


■! 12 36 vv.! 
; 12 35 vv.; 
'l 12 18 w i 
; 12 32 vv.' 
' 12 20 vv.; 

12 2;i vv.; 
! 11 52w.| 
■j 1 1 32 vv.! 
ill 01 vv.. 
1 1 45 vv ! 

' 1 1 20 vv.! 
■ 1 43 vv.i 
;■ II ISvv.l 
1 1 2.5 vv I 
!' 1 1 33 vv.j 

ii I 

■II 19 vv.' 
, 10 50 vv.j 
, 11 02vvJ 
10 55 vv-.l 
■1 JO 4b vv.i 

li i 

j U) 44 vv.: 
i li 01 w., 


i 1830*0 !10 54 w.i 


.15 vv. 
'I 5.1 vv. 

0 55 w, 
0 55 w. 
0 ,15 vv. 
0 55 \v, 
0 55 w. 

0 55 w. 
0 55 w. 
0 55 \v. 
0 55 w. 
0 55 w. 

0 55 w. 
0 55 vv. 
0 55 vv. 
0 55 w. 
0 55 w. 

0 55 vv. 
0 55 w. 
0 55 vv. 
0 55 vv. 
0 55 vv. 

0 55 vv. 
0 55 vv. 
0 55 vv. 


15*1 vv. 
14-6 w. 
14*9 w. 
15*0 vv. 
14*7 vv. 

14'7 w. 
14*9 vv. 
14*0 vv. 
l 'H4 vv. 
14-8 vv. 

1 1*3 w. 
14’5 w. 
14'6 w. 


13 26 wJ 0 55 w. 14*4 w. 


62 49 

14*5 w. 0 05 31 

14-5 vv*\ 04 42 

l4-4w.j‘*5'’'- 64 17 
14-3 w. 64 02 

14-7 w. 6.5 l.’i 

14-1 w. 62 36 

14- 1 w. 64 43 

14 3 w. 64 00 

14-0 \v. 65 19 

13-8 w. 61 56 

13-7 w. 65 21 


13-6 w. 
13-4 w. 

KS-.) w. 
13-5 vf. 
13-2 w. 
13-5 \v. 
13-3 w, 

13-3 w. 
12-8 w. 
12-5 w. 
12-0 w. 
12-7 w. 


63- 1 9'Ha 

65-9 0 10-01 

64- 6/"*' 9-91 

(i4-4 9-98 


420 62-7 

420 ; 6;J-.5 


9-85 

9-95 


Kniil. 

Ifiril. 

Tjiitiioiii;, 

Kn'il. 

Ki'oil. 


12-7 w. 

' 63 31 

420 

' 63-9 

1: 9-99 

12-3 w. 

j 61 40 

420 

1 65-0 

i; 10-08 


l;64 46 

1 

420 

! 65-1 

1 

! 10-02 

i 12-2 w. 

1 6<l 39 

420 

; 64-8 

;! 10-06 ; 

ll-8w. 

;|61 41 

420 

1 62-0 

!: 9-76 i 

! 12 0 w. 

64 17 

420 

' 61-6 

ij 10-04 

! 11 -8 w. 

i|62 00 

1 420 

. 62-3 

■■1 9'78 ! 

1 ll-7w. 

::63 20 

i +20 

1 63-7 

■' 9-91 

1 

1 ll-7v. 

iU 10 

, 4-20 

63-5 

9-94 

; 11 9 w. 

4 64 46 

420 

• C5-] 

10-02 

i 11-8 w. 

1 62 47 

' 420 

1 63-1 

; 9-89 
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ZONE 11. — Lat. 45" to 50° N. (contitmecl). 


' Karansebes 46 24 22 12 

Sanok 42 33 22 13 


1850'0 10 2,5 w. 0 66w, 11 -3 w. 
1850 0 10 17w. 0 65 w. ]1‘2 av. 


. Ungvar 48 37 22 22 

. Dobra 45 64 22 33 

Munkacz 48 26 22 47 

Przomisl 40 47 22 49 

■Saitmor 47 47 22 56 

Verelake 48 40 23 08 

Sambor 4 9 31 23 13 

■ Skole 4 9 01 23 34 

Nagybanyii 47 39 23 38 

■ Karlsburg 40 04 23 39 

• Klaiisonbiu’g 40 45 23 40 

■ Stry 49 16 23 53 

Lemberg 49 50 24 02 

Dolina 48 58 24 04 

Ilcrmaimsliidl 45 47 24 13 

Bistriz 47 07 24 33 

MaroB Vasiirhely 46 32 24 38 

Slanislau 48 65 24 45 

Seliassbiirg 46 13 24 52 

Fogivros 45 50 25 03 

Koloniea 48 31 25 05 

.Takobeiiy 47 20 25 23 

Tuniopol 49 33 25 37 

. Ozorlkow 49 01 25 50 

Czornowitz 48 17 20 01 

Suczawa 47 38 26 19 

Busio 45 09 26 48 

ButUNchan 47 45 26 60 

■ Itonmn 411 55 26 55 

Jokflhan 45 42 27 10 

Jassi 47 10 27 35 

Borlat 46 14 27 39 

Brailow 45 10 27 58 

(Jalate 46 26 28 03 

Kilia 45 20 29 20 

Sulina 45 09 29 42 

PeriK'iil.’:. Dlmiil 45 14 30 13 

TliiodoiiBi Ihlaiid 45 16 30 16 

Odessa 40 29 30 43 

Otohafcoff 40 37 31 32 

Nicolaieff 40 .59 31 68 

AkMeoheL... 45 30 32 42 

Eupatoria 45 14 33 25 

Thoodosia 46 03 35 22 

Onpo Tatli (5 06 36 27 

Kwtcli 45 22 36 31 

Zarihin 48 42 41 30 


fiarcptii 

WinKOWflkoie 

Taehernoi .Tan* .... 

Kopanow-skaia .... 


148 30 44 30 

-48 19 45 :W 

1 48 04 i 40 14 

147 25 1 40 .58 


10 24 w. 0 55 w. 
10 16 ff. 0 65 w. 
10 17 w. 0 65 w. 
9 37 w. 0 55 w. 
10 11 w. 0 65w. 

9 47 w. 0 55 w. 
9 28 w. 0 55 w. 


9 31 w. 
9 51 vv. 


0 56 w, 
0 65 w. 


9 42 w. 0 55 \y. 

9 54 w. 0 65 w. 
9 24 vv. 0 55 vv. 
9 11 vv. 0 55 vv. 

9 00 w. 0 55 vv. 
9 33 vv. 0 55 vv. 

9 50 vv. 0 55 vv. 

10 12w. O.^vv. 
9 05 vv. 0 5.1 w. 

lOlOvv. O-Ww. 
9 41 vv. 0 55 vv. 


9 03 vv. 0 O.! vv. 

8 50 vv. 0 5.1 W. 

9 17 vv, 0 55 vv. 

8 no vv. 0 6.1 vv. 

9 26 w. 0 65 vv. 
8 50 vv. 0 55 vv. 


12 30 vv. 
9 44 vv. 
11 31 vv. 
n 19 vv. 
11 .11 vv. 
10 45 vv. 

10 43 vv. 
10 43 vv. 

7'4()vv. 
8 63 vv. 
7 18 vv. 


1 .30 b. 
1 17 k. 
1 38®. 
1 30 b, 
1 38 k. 
1 24 b. 


0 56 vv. 

1 38 H. 

0 48 w. 


1850-0 0 62 vv 
1859-5 5 34 vv 
1830-0 10 3()vv 


0 62 vv. 0 48 vv, 
5 34 vv. 1 42 vv. 


10 3()vv. 1 12 h. 
8 37vv. 0 45vv. 
7 22 vv. 1 39 w. 
5 49 w. 1 42 w. 


1859-5 
1859-5 
1859-5 
r 1820-5 
\ 18.19-.1 
1850'0 

18,19-5 
■ 1830-0 
1830-0 
iSfiO'd 
1.869-5 '! 

^S29-ii I 

, l,8;jo-o -j 

1 18300 ■ 

1 18.30-0 i' 


4 43 vv. 
4 31 vv. 
4 32 w. 
8 10 vv. 

3 42 w. 

4 21 vv, 

2 60 w. 
1 63 w, 
] 52 vv. 


1 42 vv. 
1 42 w. 

1 42 w. 

2 12 E. 

1 42 vv. 

0 45 w. 

1 42 w. 
1 12 m. 
1 12 E. 


2 10 1-.. 


11-3 vv. 

11-2VV. 

11-2VV. 

10-5 w. 
IM w. 

10*7 w. 
10-4 VV. 
104 vv. 
10-8 vv. 
10-0 vv. 

10-8 vv. 
KKt vv. 
10-1 vv. 
10-0 vv. 
10-.1 vv. 

10-8 vv. 
Ill vv. 
10-0 w. 
Il l w. 
100 w. 

lO'O vv. 
9-8 vv. 
10-2 vv. 

9- 8 vv. 

10- 4 vv. 
9-8 vv. 

11- 0 vv. 

8- .1 w. 

9- 9 w. 
9-8 vv. 

10-2 w. 
9-4 vv. 


9-0 vv. 01 15 
01 31 


7-7 w. 00 41 

7-3 vv. 59 49 

9-3 w. 1 

9-4 w. 1 9-2 vv. 02 09 

9-0 w.j Cl 32 

7'5 w. 

6-4 w. 61 14 

0-2 w. 00 08 

6-2 w. 

5-1 vv. 60 14 


0-7 w.T 

0-7 w.l. 




|!o2 10 1 

1 01 ,561 


4-20 64-3 

+20 64-9 

+20 (il-4 

+20 03-2 

+20 61-9 


oi-:n.,, 

01-5 f'"^ !H)9 


60-7 10-04 

69'8 




02-7 P®''*-', lO-l!) ■ 
02-4 !' 10-32 


I 0 48i3. 

0-8 w. 

jei .55 

1 

+00 

i 02-0 

1 

,1 

1 

joi 13 

+00 

j 61-3 


Kiiysilni 

Oilicj'f'.'!, 
i Ik.ii.'-smii ( 

Itiivl.-m Olluvis. 

I liM.s.-in-ii 

RiK.-iiiiii Oduri-H, 

AinHWovlln 

Knul. 

RuHhimi OnicovH, 
KroiL 

Kroil 

■JJirlcoir, 

Kroil 

Dirlfoff* 

DivMt 

Birlcoff, 

Divlcojr. 

Dirkoff. 

Qaiitiicr. 

imoit 

KroiL 

l)irk(^lf* 

' -'-.^awnHer, 

;AVild. 

! Jlumboldl!. 

Diift, 

10*28 lliniwtwML 
irmwtcDii. 
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ZONE 11,— Lat 46° to 60° N. (continued). 


Stations, 


Lafc. nJ long. E. Date. 


Declination. 


Correction 


Coi'rected. 


Inclination, 

Correction 

Hocred. 


Force in 
Briiiah iniitB. 


Observers, 


. Seroglasinskaia 4ri 50 

Dschangor Clian 48 4i) 

Bimtehissa Island 45 44 


Asfcraclian 4G 21 48 05 


47 29 1830-0 
47 32 1H30'0 

47 39 / 

18G2-5 
^ 1829*5 
XQ n. 1*^30*5 


0 50 \vJ 0 48 E. 


I 1850*5 
[ 1862*5 


Goiraenoi 48 57 

N. Const of Caspian... 46 41 

■R’lcipw.-.alrf^; /j9 3(5 

K’i 'i‘ f! i iw I!' 20 

I '■ i-.. (■ ■.'= < .n -i -.i: 15 00 

Mergenew 49 50 

Bakutchenaya 47 06 

list Kamenogorsk 49 57 


49 48 18304) 

50 09 1862*5 

50 34 1830 0 

50 35 1830*0 

51 10 1 802*5 

5M6 1830*0 

51 56 1862*5 


4.1 50 108 52 


llondshinskoi 49 26 

1 [«■ 34 

'b' 29 

'’iv- ! -LI 08 

■-.l- -hi 16 

Chologur ! ‘ill 00: 

Durbandemu .15 48- 


108 64 

109 IS 
109 37 

109 41 

110 09 
110 33 

111 13 


Ergi 

ADjir>l:oi 

AbagaitnjifWskoi 

At sea 

Ar n&A 

At sea 

At sen 


> 45 32 1 
■19 28 
49 35 ' 
, -lit 3(J ! 
I -IS 4!l 
fin 27 
1 47 dfli 


1 1 41) w. 


1 12 w. 0 48 b. 


2 05 E. I 40 w. 


0 20 B. 

2 .50 K. 
0 4!) E. 

0 50 B. 

2 50 B. 

1 17 E. 

3 53 E. 


0 48b. 

1 40 w. 
0 48 b. 

0 48 b. 

1 40 w. 

0 48 b. 

1 40 w. 


Baingol 48 52 105 23 1830-5 

Chunzal.t 48 13 106 20 1831’5 

« “ « « { 1S5 

Ohapscliatu 47 20 107 05 183 1 -5 


'-17 47 107 17 1831 -5 

II;. I'-' I;..-.':' 10 31 107 55 1831 '5 

‘■I.-O-; 16 21 108 01 18;J1.5 0 02v 

-lO 58 108 12 1S32'5 0 12 b 

(Jhapolmktu 46 02 108 34 1831'5 

Qiltegenbii 46 54 108 46 1880-5 


0 02w. 0 05 w. 
0 12 b. 0 05 w. 


At sea 47 16 160 65 

At sea 45 33 16.1 05 

-At sea 48,50 162 01 

-Ar nPii 48 34 ' 16.1 ,38 

-At sen 149 31 ■' 165 18 

At sea '-W 58.' 160 2.5 

At sea :4'H2 167 08 

! 

.At.Bca I'.ifi 15) 16!) 50 

AVtseii i4 5 04' 170 23 

At SKI 148 10 , 170 27 

Atspii 1 48 311 171 06 

Al sea 48 15 i 171 0!) 

-Al SKI 47 04, 176 36 

At sea 47 581 186 47 


1832-5 0 12 w. 

1831-5 

1830- 5 

1831- 5 

1830-5 

1832- 0 I 0 49 w. 

1832-5 


1 1 832-5 2 5-1 w.' 

' 1 849-5 , 5 22i;.- 
■ IS 10-5 I 4 23 1;. 
■1827-5 3 58i;.. 

. 18.19-5 I 4 00b..- 

' i 

' 1828-0 3 13 E. 

1 849- 6 4 30 E. 

1850- 0 4 37 b. 

1851- 5 7 10 b. 


0 05 w. 


0 07 w. 


0 07 m 
0 07 w. 
0 07w. 


llK5l-,5 
; 18,50-5 
1 1854-6 

: 1848-5 
' 184S-.5 
i 1818-5 
i 1818-5 : 
1820-5 , 
1 1829-5 , 


10 25 K. 

, 13 03 [■;. I 
13 07 B. 


-At .sea 148.50 190 34 

Atsea i.lf;j6 19107 

At sea 48 41 193 00 

AI,scb 146 56 196 53 

At 5f:a 49 54 i 197 34 

Atsott 43 10 j 200 

At saa 45 14 1 2iJO 19 

At SKI 48 08: 213 21 


45 10 1 200 


18.52-5 I'lr, .52 b.! 
1852-5 '16 10j.;,i 
1850-0 '■ 17 05 E. ' 
1850-0 il7 34fi.i 
182!I-5 ;,2l Oi B. 
18.-,0-0 .17 46 1:.! 


-15 1412110 19 : 1850-0 1; 18 45 B.! 
48 08 j 213 21 11827-5 i'22 35vj 


! 60 43 
62 23 
69 21 

59 40 
69 38 

60 06 
60 28 
60 23 

62 27 
60 57 
62 54 


1-1 E. 


I5‘9e 
16*3 as, 
17-1 E. 
17 'Ge.. 
21 'Oe. 
]7'8v.. 

m r. 

22*Ci:. 


59*5/ ' 


(157 


Ilanstoon, 

JiaiiHicoii. 


I Humboldt* 

' .Siw.:'! 'I' 
IvatiiKsk, 

H’miriloen. 

Ivatinrtk. 

llanHteon, 

Ifauato-oii. 

Tvatinsk, 

HariMtoon* 

Ivatin$fc, 

Humboldt* 

bVdww, 

Fuhh. 

\hm, ‘ 
Ihm. 
Fritricbo. 
bkiHH. 


.Fuss* 

Fuhh. 

Push, 

ICcllott* 

Eollott. - 

Liilke. 

Kollott* 

Lutlcc* 

Mott, 

Kollott* 

OolUiifSon* 

Collinsotu 

Oollinson* 

OolUunon. 

Mooro. 

Moore. 

Moore* 

Mi)Oro. 

Ernmn, 

Erinan. 

Iruian, 

Oraao. 

Cru]io* 

Kcllctt. 

ijvellotfi. 

, .Erman, 
'Kclloli;. 
iKejIott. 

I I'.iilikc. 
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ZONE IL— Lat. 45° to 50° N. (continued). 


.V: .H':l 



I1.:\ 


N. T. ii'i!. 


•> f .: / 

w -jit) ;:7 
I'' '27 '2‘27t 

I'l 


It \ 


II T)! 

.... II' 2 rMt;i 
r.i 1 1 , l>:m» i»» 
IS -i;;' -Jiui It! 


NiMAii Wwy 1 1' 22 2.".r» 'Jo 

Xi/ ■ I lO 1 / I juUii Ol) 


Portland (Oregon) ... 45 JH 230 00 

Nmnaimo 40 10 230 00 

Whiflen Spit 48 22 236 16 

Point Goorgo, 40 11 236 20 


Esquimalt . 


Victoria 48 20 

Laurol Poini., Victoria 48 25 

• 0,.:TvP^ r-r--’P;r. r 10 07 

. i:-::-iv-«l li:!-: .i;i 16 

* -I'.i.'iir.i o': iS 50 

()l}ni|uii 17 03 

■ !Ni!\v' WeHiiiiiislfir ■!!) 13 

Eivor Multnomah 45 15 

Point Hudson 48 07 


Port Vancouver. 


P i'l or ... 

l-'l 

Pa'i* Itiv.'V 

('!:!■' ■■'Ui' !' 

Ki/'/iirO:!'.', >•. (';• I- I': 


On Ifnoiennv Piver ...! 48 40 1 214 43 
'ni./ii... I r.'T ! .".ti 


( ■■ • 

i.j l :^.'! 

I SI 2-5. 


I :.),!, i 


236 '33 j 

236 35 
236 37 

236 -K> 

236 .56 

237 06 
237 65 
237 07 

237 13 
237 15 

237 32 ! 


" ;r '•'■r 35 

■ . I.-"! 48 

■ i .... 4 60 

■ < ■ . I :ii -'.-S 12 

■ ■■ .' ■..137 

T):!ll!-?.3!-.n. rr '‘> .! 1.1 35 233 11 

IlM'Ii:.-..' ••li'i' C t :i... ■!.'> 40 23!) 11 

.l-lr. I,,!..!': J{:.v- 1!) 10 246 60 

Aalilnoloii Station 49 00 240 00 

Ookonagoa 48 05 240 33 

Osoyons 40 00 240 36 

Jlivi'i- Wiiliii ^Vn^li^ ... 16 0.3 241 12 

Fort Walla Walla 46 0-1 241 12 

rnshwointnm 19 00 241 32 

Fort Colville '48 40 241 65 


1"J71 .13 itl I 

l'-.'li l -il .;i : 

I'lil l 22 .‘III i.. I .'ll 

1'1'M 21 13 r. I !'»«. 

I'■ll ■l 21 13 >. 1 

I ' •.ii-l 

l.'ill l 2i :-.7 1 11 

l'->121 21 1 n. w. 

l>.'il l 21 17 ■'. I 

1 '".il 5 .... 

lr3"-5 

l>:!:i-l III 12 o 11 

1842-5 I 20 00 B 

1851-5 20 32 k. 0 -15 w. 

18.58- 5 20 00 k. 1 20w. 

1H(12'6 22 57 k. 1 -10 

1864-5 20 20 k. 1 28 w. 

1830 0 

18.59- .5 21 58e. 0 51 w, 

1862-5 

1864'0 22 10 R. 1 05 ff, 

18.58- 5 21 40 M. 0 48 w. 

1862'5 22 18 k. 1 00 w. 

186-15 22 6811 . I (law. 

18.59- 5 

18.58-5 

18.56- 6 20 47 r. 0 42w. 

1862-5 22 40 k. 1 OOw. 

18300 

18.56- 5 21 39 b. 0 28 w. 

1H30-5 

1839-.5 19 22 r. 0 06 b. 

1860-0 20 05 E. 0 35 w. 

1.5.59- 0 21 23 e, 0 33w. 

18.58-5 21 .‘{Ok. 0 32w. 

1859-5 21 37 k. 0 34 w. 


1860-0 

18(i0-0 

1860-0 21 60 k. 0 36 w. 
1860-0 22 40 e. 0 35 w, 
1833-0 


... 18 on 242 16 

... IK 119 243.16 

... 1" -22 243 32 

... l:-- 41 243 41 

.■.. ■!.4 22 244 39 


1860-0 22 14 b. 

1830 0 

18.53'0 19 40®. 
1860-0 20 1 7 b. 

1860- 0 21 40 B. 

1861- 0 21 28 B. 

1861-0 21 16 b. 
1861-0 22 51 b. 

1861-0 22 11 B. 

1860 0 22 16e. 


0 21 w. 
0 35 w. 
0 35 w. 

0 37 w. 
0 37 w. 
0 37 w. 
0 37 w. 
0 36 w. 


1861-0 I 23 24 k.' 0 37w. 
1861-0 ' 


21-9 I.. 
21-1 I. 


0 35 w. 


20-0 B. f *• “ 


2M B. 1 

1 21-1 K. 

21-1 K 

21 - 3 k. 


21-9 R. 


19-6 K 1 19-5 K. 

19- 5 B. J 

20- 8 E. 

21- 0 B. 

21-1 B. 


22-8 15. 


tY . \ , 

i 



i 

*iS -n; 

6S-4 

72 37 i 

1 

’72'6 

1 

7 2 -r. 

72-1 

71 "7 

7I-I 

71 16 , ... 

7i-;i 

69 .‘IIP 

(ill 

li:' 27 

69-5 


I -I- .-I.! 




Wigwam .Uiver 

49 00 1 

245 1.) 

1 18(;i'0 ;-i3 52 I.;. (1 19 w. 

23-(> K. 

i;73 3i- 

73-5 

■ 13-00 

Abunina 

49 01 ' 
1 

2-15 oO 

1861-0 ' L':*, 12 i-.l 0 19 w. 

22-9 K. 

^3 43 



73-7 

i:i-.5i) 

Pori: Owen 

•16 31 ; 

246 02 

lia53-0 il19 2;!B.i 

VM E. 

li 




Port Penton 

47 52 i 

249 2-1 

1853-0 j 19 00 B.I 

ID-On. 

II 

It 



1 

1 

Port Union 

48 00 1 

1 

256 01 

j 1853-0 1 16 48 b., 

! li ; 

J(5‘8 i:. 

ii 

li 



1 

i: 


71-6 

71-9 71-7 

71‘ii yi.jf 

71-7J^'^ 


I . f ' : ■■V, 

i.’ -l :i:' 

Ki 'I :i: . 

r. ;::1 Si-i".-.-\. 


.ij I . . '1 '^'■.rv.'v. 

.... * " T- -1,^1'' ■. 

12. rj 


1 I 

U. S. (b«Ht Siirvtsy, 

FrioHiieli. 

IWiSuirdH, 

Pinulor, 

Douglas, 

Ilitig. 

HicImrdH, 

,l\'iidei\ 

KiiJumls, 

,I^Mulor, 

Uii'hnrilH, 

IJiclinrtD, 

I I S. ( 'iiiiiil Survey. 
Iliehartlrt, 


0!I7 

m 


12- ‘j2 Doiiglns, 

tl, H. <SoaMt; Survey, 

Houglan, 
l: 2 '(i 0 1 12 * 7(5 Helijlior. 

\m J Haig. 

i; 5‘12 ITaig, 

\m llaig, 

vm jkig. 

mo DougkH. 

13*18 JImg, 

:::::: } ““ Ss 

I3'23 llaig, 

13- 32 llaig. 

12'73 llouglm 


ITaig. 

Douglofl, 

U. S. ICxploration. 
Haig. 

Uaig. 


r. S. Enplomtici. 
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ZONE II.— Lat. 45° to 50° N. (continued). 






Declination. 

Inclination. 

Force in 
British units. 


Stations. * 

Lat-N. 

Long. B. 

Date. 

Ob- 

served. 

Correction 
to Epoch 
18452-5. 

Corrected, 

Ob. 

served. 

Correction 
to Epoch 
184:2*5. 

Corrected, 

Obsorvors. 


0 f 

0 / 


0 / 

0 / 

0 

0 / 


0 



Upper Fort Garry ... 

4!) 53 

263 58 

1843-5 

16 00 E. 

0 03 E. 

16-1 E. 

78 18 


78-3 

14-07 

Lelroy. 

Halting Place 

49 2fi 

205 12 

1857-5 

10 17 E. 

0 45 E. 

11-0 E. 

78 (W 


78-1 

14-13 

I'alliNcr. 

Lake of the W oods . . . 

49 19 

205 18 

1843-5 





Lolroy, 

Lake of the Woods ... 

49 28 

265 18 

1H4,T5 

1 ^ E. 

0 E. 

12-9 E. 

78 17 


78-3 

1-105 

Lclrey. 


49 46 

48 48 

265 25 

265 29 

1843-5 

1843-5 




78 08 


78-1 

14*01 

Lofroy. 

Pffiiny Piver 

13 07 E. 

0 03 E. 

1.3-2 E. 

77 57 


78-0 


Lofroy. 

Halting Place 

48 50 

266 02 

1857-5 

11 20 E. 

0 45 Vu 

12-1 B. 



77-()l " 

1410 

PalliflOr. 


f 

1843-5 

10 38 E. 

0 05 E. 

10-7 K.] * 

77 U 


Lolroy, 

TT'nnnr'it! 

48 37 

266 31 1 

1845-5 

1857-5 



1 10-7 B. 

77 32 


77-5 77-6 




9 81 E. 

1 15 E. 

10-8 E.J 


14-07 

PalliHor. 

P.fliTw Tifl.lrA 

48 32 

48 27 

267 04 

267 19 

1843-5 

1843-5 

II 28 E. 

0 05 E. 

11-6 E, 

77 48 


77-8 

.Lofroy, 

Sturgeon Lake 

77 45 


77-8 

14-08 

Lofroy, 

Halting Place 

48 27 

267 3(1 

1857-5 

9 53 E. 

1 15 E. 

IMk 

77 40 


77-7 

14-04 

Pullisor, 

r* T *ri I 

V- ■ 

'« 15 

267 33 

1843-5 

10 15 E. 

0 05 E. 

10-3 E. 


Lofroy. 

1 

24 

267 50 

1843-5 

7 5.3 E. 

0 05 B. 

8*0 B. 

77 51 


77-9 

14-08 

Lofroy, 

. . 

■■ 43 

267 50 

1824-5 

12 30 E. 

1 30 w. 

ll-o B* 





Buyilold. 

Point on Coast 

46 42 

268 10 

1824-5 

12 20 B. 

1 30 w. 

10-8 E. 





Bayllold, 

Point on Coast 

46 48 

268 30 

1824-5 

12 27 B. 

1 30 w. 

UOb. 





13-99 

.Uaylioltl. 

Two J'oi'rngc... 

•18 

268 33 

1843-5 

11 00 E. 

0 05 u. 

11-1 E. 

77 49 


77-8 

Lofroy. 

Pcrcli Lite 

-i.s ;i;) 

268 4 8 

1857-5 

8 14 E. 

1 15 E. 

9-5 B. 

78 ’20 



14-08 

Pallisor, 

French Portiigo 

48 35 

268 53 

1843-5 





78-3 

JjolVoy. 

T;! r.-i I-- 

■16 47 

269 02 

1843-5 



•••»»* 

76 56 


70-9 

14-19 

I'joclco. 

1 ’ r.i! -i!' \i .'.v*. 1 

16 45 

269 05 

1824-5 

9 48 E. 

1 30 vr. 

8-3 B, 





Hay 6 oI(l. 

Point on Coast 

47 33 

269 10 

18245 

10 30 E. 

1 30 w. 

9-0 B. 





PHyrtokl* 



1H43-S 




78 22 


78-4 

14-13 

L(dVoy. 

Savannah Portage 

48 53 

269 52-, 

184-1 -5 

7 46 E. 

0 10 B. 

7 - 6 K.l 8-0 E. 

8 - 1 B.J 






L(^froy, 



1857-5 

6 53 E. 

1 15 E. 


* 




IWlisor. 

Dnnif tn\ Cn*!*;!. 

46 48 
48 58 

269 59 
269.59 

1824-5 

1843-5 

10 15 K. 

1 30 w. 

8-8 B. 





lliiyftold. 

Ijolniy. 

PiMii'ic PoL'i'.i;/n 

78 26 


78-4 

14-12 

Ti’i'inbliiig Portage ... 

•IS 31 

270 00 

18.';7-5 

(i 21 B. 

i 15 b. 

7-6 B. 





Palliwii-. 

IJaliiiig Place 

•48 55 

270 06 

1857-6 

9 05 K. 

1 15 E. 

10-3 E. 





I'lillisnr. 

Halting Place 

,j48 46 

270 07 

1857-6 

8 5l E. 

1 15 li. 

10-2 E. 





Miner. 

Grand Pori t!gii 

.I.J7 58 

270 11 

1824-5 

11 00 E. 

1 30 w. 

9-5 B. 





Bayliold. 

Portage Ecavio 

.;48 25 

' 270 15 

1843-5 



1 

77 14 


m 

14"()2 

lAl’roy. 

ih': rrM-t: 

h 21 ! 

2 :'.i 2 'l 

1843-5 

6 33 E. 

0 05 B. 

5-6 B. 





Ijof'roy. 

I'.i.f 1 / 

. 18 -17 

•j;ii 20 

1843-5 

6 26 E. 

0 05 u. 

6*5 E. 





Lofroy. 

l) ».i 

. 18 :t!' 

' 'j;o 2.1 

1843-6 




78 27 


78-5 

u-u 

Lofwy. 

Ontanognn Eiver 

.|46 52 

1 270 30- 

1824-5 

1843-5 

8 # K 

. 1 30 w. 

7-2 B. 

77 13 


77-2 

14-12 

Bayliold. 

Xjooko. 


i 


1824-5 

9 05 E 

. 1 30w. 

7-6 B. ] 





BiwMd. 

Lofroy. 

Biio. 

Fort WiUiain 

. 48 24 

1 270 87- 

1844-5 
, 1845-5 

6 21 E 

, 0 IOe. 

6-5 B. V 7-1 B. 

78 06 


78-1 l78-l 
78-2 J 

14-01 



78 11 


Pointc Tonnerro 

. 48 If 

1 270 .58 

1S43-.5 




78 23 


78-4 

14-20 

lolroy. 

Li i.ilo Trout Kiver .. 

.1-17 0 f)| 271 0(5 

182-1-5 

i| 9 12 V. 

. 1 30 E-. 

1 7-7 >•- 





Bayflold, 

Mean of 5 Siiu-ions .. 

17 29' 271 10 

il8l3-.') 


1 


, 78 05 

78-1 

• « 

Iiooke. 

Isle Enyalo 

48 07' 271 11 \ 

1 

1 

11824-3 
' 1813-5 

1 9 39 .i: 

'i 

1 .30 w. 

1 8-2 K. 

i78 08 | 

78-1 

14-36 

Bayliold. 

Looko, 

Riglc River 

■17 ?7i 271 .I? 

1843-5 

1 

i ...... 


1 

ij 77 .55 \ 

77-9 

14-08 

Looko. 

11101111 of Sta.l loi'-:: 

.= ■17 10 271 iO 

1843-.i 




177 441 

77’7 


Looko. 

.Huron River 

.'.■Pi sir 

3/1 .53 

182.1-5 

7 56 I 

1 30 B'. 

6--1 E. 

1 

1 ■ 


BayMA 

lA" Saint Igni;-'.' 

l-IK I;' 

271 58 

182.1-5 

- 8 13 i 

1 30 w. 

6-8 i:. 





Bayliold. 

Houglilous'PuIvoi- 

i47 28, 371 .'I'J 

j ! 

1843-5 

!■ 



1 

77 17 

, 

1 

77-S 

13-94 

Looko, 

Point ICcftwai 

••47 20 1 272 06 

: 1824-5 

'l 7 32 V 

:. 1 30 w. 

6-0 K, 





Baydeld. 

■ 'IVrrc Piutfo 

. -ts 40' 272 15 

! 1843-5 
j 1843-5 

i' 5 '10 i; 

;,i 0 05 >5. 

1 

. 6-8 K. 

1 

: 78 54 
. 76 6 t 


78-9 

77-0 

14-03 

14-06 

Lofroy. 

I/ooke. 

Enoimrpinoiir 

. 46 44 i 272 17 

;i 

La!:o Suncidor 

. -18 4(1. 272 20 

'■ 1844-5 


1 

1 

1 

j 78 24 

H 

7H 


Bayliold. 

Small Rivor 

. 4r; <I>}| Tin 

- 1821-5 

i! 7 21 1 -: 

1 30 V. 

1 5-0 E. 

1 




1 

'i 

1 

1 : 



Point on Coicsl 

48 44 1 273 00 

182-l-.'i 

li 7 42 n 

. 1 30 w. 

( 

1 6-2 K. 

1 j 



BayfiftltL 
i Bayfioltl. 

1 Lcii-oy. 

1 Bayliold. 

1 

Grand Isliirid 

.'4(1 27: 273 18 

18-24-5 

1 6 Ki K 

1 30 w. 

i 4-8 R. 

li ! 



Forii Pic 

.'48 38! 273 21 

j 181-1-5 

1 5 31 K.I 0 10 1 :. 

; 6-7 

il 78 38 1 

ii78 3lj 

'78-6 

1.3-90 

Poiuiiftidur Harbour.. 

.! -18 44 1 273 32 

: 182.1-5 

1 

i 6 20 E 

.1 130ff. 

1 4-8 E. 

1 

78-6 
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ZONE II.— Lat. 45° to 50° N. (continued). 


Lat. N. Long, E. Date. 


Declination. 

Inclination. 


Ob- 
served. , 

Correction 
to Epoch 
1842-5. 

Corrected. 

Ob- 

served, 

Correction 
to Epocli 
1842-5. 

Force in 

Corrected. «“t«* 

ObHorvors. 


• White Eiver 4S 3;j 273 *3^] 

Otter Head 48 05 273 50 

Lo Petit Mort , 47 58 274 i I 


3 1844-5 

0 1824-5 

1 1843-5 
,,r 1841-5 


South Manitou Island 45 05 274 22 | ]g| 2 .i) 
Near Chioniio River... 47 52 274 36 1843*5 


Poinle aux Pins 


Sault St. Mario 46 31 275 28 

Port Brady 46 30 275 36 


Tr(:i:l,,'‘L-*.‘ri.. v...'46 32 275 40 

- ■I. ^ I- ■ 'i .. 46 04 275 51 

.. 46 20 275 63 

Diineiin Oily 45 36 275 53 

Biiar Kn('.ainj)’iiciii. ...46 20 276 04 

False Detour 45 53 276 18 

15 18 276 23 

■T- I^:.■ I'l 16 276 29 

Missosauga 46 08 276 SO 

OranbonyBay 46 11 276 67 

16 09 277 05 

r.-i-: l.-i Cl.-.:.* 16 o; 277 36 

CrtlvTTv.'fl i*) 14 278 09 

T.:::;o ll::iv:: 46 00 278 10 


Rattlesnake Harbour .. 45 32 278 1 1 

Point on Cun'f 45 57 278 22 

■flair Moon Island ■ 45 27 278 25 

LakeHurou 45 57 278 28 


2 10 K 0 10 K. 

5 07 K. 1 30 w. 

4 59 13. 0 05 K. 


Gargantua 47 35 274 49 1 

Wliite Fish Point 46 46 274 54 1824-5 

r 1824-5 

MicMpicotou 47 56 274 56 -I 1844-5 

[ 1845-5 

“ Pointo au Crepe 46 58 275 02 1813-5 

Wangosbano Point ... 45 45 275 04 1853-5 

“SS' } « « W «6 IKM 

Montreal Island 47 19 27.') 08 182 l%') 

Point Iroquois ......... 40 29 275 13 ]82.1'5 

GrosCap 46 32 275 17 1B41'5 

f 1841-.5 

Macimmo 45 61 275 19 ( 1841 5 

1843-.5 

Poinle MIX Pins 46 29 275 19 { 


White Shingle Bank... 45 37 

Oliin Oiipe 4.5 07 

Point Ml (Ivoi'C '1.5 55 1 

[slot oil' Pt.Cron(linc.. 45 54 j 

Kiooler' Fall.s 4.5 57 : 

Islet oirJIeiireylnlei. 45 ,51, 
Islet oirPriniklin Inlet 45 33' 

Wostoni Isles 45 05 , 

Like ih'inUiJirig 46 13 

Lao du Grand Vaso ...1 46 18 j 


278 29 

278 34 

278 35 
278 42 
278 45 


3 28 K 
3 22 £. 


' 18I34) 
275 98 1843*5 

18.1.5*0 
275 36 ■ 1841*5 


3 1!) M. 
3 (10 ID. 

2 51 ID. 

1 53 ID. 
0 03 K. 

3 13 I!. 

2 59 K. 
0 31 w, 
0 55 w. 
0 25 w. 


1 58 w. 
1 13 E. 

0 21 A 


278.59 |l84;l*5j| 
279 07 1821*5 ' 

279 22 ,1821 *.5 
279 .'15 h82(K5 


280 34 ISLE'S 


2 22 K. 0 05 iJ. 
4 06 E. 1 30 w. 


4 50 E. 1 30 w. 

4 33 u. 1 30 w. 

3 49 E. 0 10 M. 


2 15 E. 0 05 E. 

2 13 E. 0 55 B. 

5 02 E. 1 30 w. 


1 08 E. 

0 46 E. 


1 30 w. 
1 30 \v. 


1821*5 0 SO K. 
1821*5 0 24 E. 
1821*5 0 3lw. 

1821*5 0 22 B. 

1843*5 0 38 w. 

1821*6 0 21 E. 

1819*5 0 24 E. 

1819*5 0 39 E. 

ilK.i:{*.5 

! 1821*5 ,0:j2w. 


1 3:{ i:. 

0 40 i;. 

1 25 E. 


0 05 n. 
0 13 ij. 


1 25 w. 
1 40 w. 
1 10 w. 
0 45 E, 

0 16 E. 

1 55 w. 

2 05 w. 
0 05 E. 
0 05 E. 
0 15 E. 


0 05 A 

1 45 w. 
1 46 w. 


1 46 w. 

1 46 w. 

1 46 w. 
1 46 w. 

0 05 E. 

1 45 w. 
1 65 w. 
1 55 w. 

1 IS \v. 


I 45 w. 
1 45 w, 
1 50 w. 


3*5 E. 78 07 
78 06 


78*6 14*12 


76*0 Ug.J 

76*0 r**" 13*97 


78*1 178*1 13*98 

78*1 J 

77-2 11*21 


Lofroy. 

Ila|lli'ld. 

Lefroy, 

Ijoiiniis. 

Youiiglmsbnnd. 

Lufi'oy, 

llnylleUl. 

Li'i’roy, 

Bnylit'kl. 

Baylinld. 

lioll'oy. 

Rue. 

T,('(pi)y. 

1.', S. Coiisl, iSiirvev. 


77*1 

76-6 

76*6 1 76*6 14*10 
76*7 I 

77*2 14*09 

77*3/'^^ 


14*08' 

7^3 i-iiim 


Baydold. 

Biiylield, 

Bayliold. 

Loom in. 
Nii'ollet. 
U *10 Looinirt. 
Inuike. 


n o,i 

Ijdlroy. 

iltiui. 

Loinnis. 


77*0 14*02 


77*1 13*87 

76*8 13*64 


77*1 13*93 


:! 13*90 
1 18*97 


l!..'. lil'ill. 

I '. iS .rvey. 

Liil'roy, 

Bayfield. 

Bayfield. 

ljou*oy. 

^fi'oy. 

Iicfroy, 

Ijiifroy, 

Lufi'oy, 

Bayfield. 

Bayfield, 

Lofroy, 

BayflolA 

Bayfield. 

Bayfield, 

Bayliold. 

Lofroy. 

Bayfield. 

Bayfield. 

a " fiolA 
’oy. 

Bayliold. 

Lofroy. 

Bayfield. 

Bayfield. 

Bnylield. ' 

Ijil'niy. 

•Lefroy. 
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ZONE IL— Lat. 45° to 50° N. (continued). 






Declination. 

Inclination. 



StatioTis. ' 

Lain. 

long. E. 

Date. 

Ob- 

served. 

Correction 


Ob- 

CoiToction 


Force in 
Britwh units. 

Obsorvors. 



to Epoch 
1842-5. 

Corroctech 

sovred. 

to Epoch 

1812-5. 

Corroded. 



i 

0 / 

0 t 


0 / 

0 / 

0 

0 / 


0 


Loiroy. 

IjoIVoy* 

; portage du Qrand Vase 

46 19 
46 18 

280 53 

281 17 

1843'5 

18435 

3 52 w. 

0 05 E. 

3-8 w. 

77 29 


77-5 

1.3-91 

'Tn '\VKr‘- 

4f) 15 

281 27 

1843-5 




77 24 


77-4 

13-93 

Lefroy. 

K-,;'-..- C. 1'. .... 

46 15 

281 40 

1843-6 

4 48 w. 

0 05 E. 

4-7 w. 





Ldroy. 

I Deux Joachim’s Point. 

46 12 

281 41 

1843-5 




77 04 


77-1 

1,3-85 

IjcCroy. 

! J-.'-i’Rj. / V’P 

46 06 

282 34 

1843-5 




77 27 


77-6 

1,3-79 

Lefroy. 

j jr. I-; 1 . =, -r 1 

45 56 

283 04 

1843-5 




77 30 


77-5 

13-95 

I.oiroy* 



45 96 

283 07 

1843-5 

6 11 w. 

0 us Q. 

6-1 AY. 





Ldroy. 

1 n^i — 1 

4.'! 45 

283 20 

1843-5 




76 44 


76-7 

13-82 

.Lofroy. 

i * ' ' , . 

1 ; 26 

283 28 

18.13-5 







13-03 

ijciroy. 

i 1 ■ ■ ■ ■ ■ . . 

I'. 29 

284 12 

1843-5 

6 58 w. 

0 05 B. 

0*0 w. 

76 41 


76-7 

13-81 

Ldroy. 


!.. 37 

284 48 

1843-6 

6 58 w. 

0 05 B. 

6-9 AV. 






Lofroy. 

s 

j 1 

l.l 37 

385 05 

1843-5 

7 28 w. 

0 05 £. 

7-4 AY. 

76 55 


76-9 

13-66 

Ldroy, 

1 n __ 1 

45 03 

285 13 

1845-0 




76 16 


76-3 

1.3-79 

Yomighusband. 

, 1 ; ■ 

I.'. 36 

285 28 

1843-5 

8 41 w. 

0 ()5 B, 

8 -ftw. 





Ijdi’oy, 

11 ■ 

1 . 36 

285 38 

1843-5 

8 26 w. 

1) 05 B. 

8-4 AV. 






Ldroy, 

Tin. Dnmlinfi 

45 32 

285 51 

1843-5 




76 51 


76-9 

13-81 

Ldroy, 



( 

1834-5 

8 00 w. 

0 40 w. 

8-7 w.l 




\ 


\ 


llaydolcl. 

■Montroal and St, 1 



1842-5 

8 58 w. 


9-0 w. 

0 

77 09 


77-2 

. 0 

1,3-78 


U'iVoy, 

45 30 

280 25- 

1843-5 



8-9 AV. 




y77-l 

13-62 

1.3-65 

Bfu’ho, 

J 


1815-5 





77 09 


77-2 


13-53 


Yiiulighudiand. 



\ 

1859-5 



/ 


76 51 


76-0 J 


1.3-68 J 


{ of 1 !. 

P,)IV: P. 

45 00 

286 40 

1844-5 

11 28 w. 

0 10 H. 

11-3 w. 

76 40 

* « • 1 1 , 

76-7 


(Imlmiii. 



46 06 

286 53 

1830-5 

10 27 ff. 

1 00 AV. 

11-5 AV. 





BnylMtL 



46 08 

286 58 

1830-5 

10 30 w. 

1 00 AV. 

11-5 AV. 





Ihiyliold, 

Sorol 

46 03 

287 oof 

1830-5 

1842-6 

11 00 w. 
11 22 w. 

1 00 AV. 

12-0 AV. I 
11-4 AV,] 

11*7 AV. 

77 17 



77-3 


13-74 

llaylldd, 

Ijijfroy, 


1 



// «> J 


lova J 


St. .T()1m’.s 

4.1 19 

287 00 

1842-6 

11 23 w. 


H-4av. 

77 00 


77-0 

M « 1 1 * 

In^roy. 

I(*o, I/idco Sr. iVuT ... 

I'll) 1 4 

287 16 

1828-6 

11 15 w. 

1 10 AV. 

12-4 AV. 






Baydtid. 

Eiwr St. lltiui'idu 

j .'tli 21 

287 17 

1835-6 

11 32 w. 

0 35 AA*. 

12-1 w. 





Bayfield, 

Three Rivers 

, 46 19 

287 24 

1842-5 

1 1 58 VI. 


12-0 AV. 

77 11 


77-2 

13-82 

Ldroy, 

.DrimioiKlvillc 

45 53 

287 26 

1842-5 

12 28 w. 


12-5 AV. 





I, 

Lofroy. 

Tie Bigot 

'46 26 

! 287 36 

1835-5 

12 52 w. 

0 35 AV. 

1,3-5 AV. 





Bay/Idd. 

River Cliamplaiii 

; 46 27 

; 287 36 

1835-5 

12 31 w. 

0 35 AV, 

13-1 AV. 





Bayllcdd. 

(ii'Oiidine 

46 34 

1 287 36 

1835-5 

12 27 w. 

0 35 AV, 

13*0 AV. 






Bavlbkl, 

Lake iireniyjhromugog., 

, 4.5 01 

287 11 

1845-5 


7,6 09 


76*2 


Whipplo. 

Staastead 

, 45 02 

287 .50 1 

1842*5 

l.'<4r)-5 

'.ill 33 w. 

0 15 b. 

11*3 w. 


76 20 


76-3 

13*61 

Lofroy, 

>p » _ -.1 









;>;i V.-. 

. 16 iO 

288 1.16 

1 '37-5 

12 52 w. 

0 25 AY. 

13*3 w. 

^ t * * H 




■ 

0 Ci /l:::!' 

. 4.1 I'l 

■J.St' lii) 

ISliVn 

12 22 w. 

0 15 a. 

12*1 vf. 

76 24 


76-4 


Umbatn. 




1834-0 

14 U% 

0 42 AV. 

14*9 AV.’’ 




• 1, 1 


' 


IkyllohL 

Quebec 

46 49 

2.S8 11 j 

•184-2-5 

14 12 w. 

J 

1 ♦♦♦»* 

14*2 AV. 

14*7 w. 

77 15 


77-3 

'77-2 

13*80 

13-03 

■ 13-68 

'Vvtvoy. 

Younglmsliund. 


1 184*vi) 

1 1 • . , • It • 



77 09 


77-1 




Lj 1859-5 li 16 17 w 

1 25 B. 

14*9 w.. 


77 18 


77-3. 


13-61 


U, S, U, Survey. 

Prospeci- ITill- 

4.5 15 

2.S,S 46 

1 IhM.r5 

Ijl2 1 7 IV 

0 15 Tu 

12-0 AV. 


*«»•», 



Boundary Survey. 

Connedicut River ... 

45 1.5 

' 288 47 

, 1845*5 

1 12 00 w 

i;j 20 w 

i 0 15 K. 

11-8 AV. 

*•«!*« 




.IJoundary Survey. 

Highland Boundary.. , 
AniolrVs River 

45 Iril iW 55 

' 1^45*5 

1 0 15 E. 

13-1 AV. 





1 Ri.imdfU’y Survo'y. 

’ 4.5 20 

1 28.0 05 


i:i 30 V.- 

' 0 15 r. 

i;h;i v. 





.noundnry .Survey. 

Lead River 

j45 

! 2.S9 12 

I ISTc-u 

1 .) lUr 

•• 15 i;. 

12*9 AV. 


«««*■• 



.Ihuintlai'y Survey. 

Highland .Boundary.., 

i 45 31 

' 980 17 

1 1^1 /)■;*» 

|13 25 

0 15 E. 

13*2 AV, 

f »•♦»« 




, Boundary Survey, 

.Highland Bouiidury.. 
Criinc Island 

.145 37 

: 289 23 

1841-5 

13 37 w 

0 10 t;. 

13*5 w. 





Boundary Survey. 

i-17 05 

1 3S!) 

JS;;i‘5 

14 28 w 

0 55 v, 

15-4 w. 

14-7 AY 





lliiynild. 

At m ■ 

147 OS; 2.69 2S 

i 1842-5 

'' M 1)0 w 


14*0 v. 



*4* >•* 

1 *• « »• 

lidVoy. 

Highland Boimdury.. 

.|4G 42 
1 

! 280 32 

i 18-14-5 

j 

!, 13 50 w 

0 10 r.. 

13-7 AV. 





Boundary Survey. 

, lie n.\\x Condros 

17 25 

289 .34 

; 1831-5 

■!I 5 17 w 

0 55 AV. 

16-2 AV. 





BuyfiiJd. 

Taschcrcmis 

45 4!l 

1 289 36 

11844-5 

!: 14 07 ff 

0 10 e. 

HOav. 

76 50 


76*8 



Cralinni. 

Stone Pillar 

. 47 VI 

' 289 38 

! 1831-5 

li 14 4!) ^v 

0 55 AV. 

i 1.5*7 AA-. 




Baylield, 

At sea 

.i47 201 289 42 


: 14 16 «• 
1 

n 

1 14-.3 AY. 






.'r.iOfV(*y. 

Oraltatn. 

Moo^e River 

15 39 i 289 44 

i 1S44-5 



71! 49 


76-8 


St. John-'.s River. 

.! 46 35 

1 

1 

j 

289 56 

i 1844-5 

1 

1 

j 




1 I 77 25 
il 


77-4 • 


* 

Ora ham. 
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ZONE II.— Lat. 45° to 50° N. (continued). 


Declination. 


Inolimition. 


Stations. 


Lat.N. Long.E. Date. 




li'' .. 


|{i J’oi I .. 

liivir"'’ (h; I.IMI 

l$:;r li. liiv.-v ..... 
T.ii.vi' IVjI.O! j . 


I',--! \v.:\ 


■I'i 



u7 

r ll-.l 

15 I'-.' 

■ir» 


.V n 


|S1 !•.! 


l>i 

iht 


"7 

IMI .) 


■IS 

nil 


l(i 


1 7 .-15 

17 

•11) 


'S ■ 

!n*;iI.1 

17 15 '• 
17 :'5 " 

■l7 

.11 


L>r. 

h;;i-.i 

! 7 :ni 1. 

pi 

.17 


lilt 

i^n-.i 

M -.’.I . 

1/ 



17 



i" 


■Jl'" 

.•I 

lv.fl»-.l 

1 ,' ;; ! 

I-' 

•'); 


.'ll) 

iMii-j 

i; :;ii 

17 

(i; 

■J.'i 

.’•.1 

P-lIv 


!7 



.17 

!;!■;» 


■17 

1-L 

L*.!0 

■lu 




17 .W w. 


liver St. Francis 47 11 291 04 l 842 -.‘i 17 03 w. 

liver St. Francis 47 11 291 0(1 IB-J.'l-S 

Die Island 48 25 291 11 l 8 :i 0-5 17 29 w. 

Savnge Llmiil 47 16 291 Iff 1 H 42'5 17 .W w. 

Derslinir, i'oiu! 48 5(1291 22 1831 ‘5 18 48 w. 

MoulIiofFi.sliDiv.'r... .17 15 2.91 25 I 813'5 

S.SlHmM)r.'<l..l.iliii Jl. 47 1 7 291 32 1 84 .‘l -5 

Bourgeois House .Jff 31 291 37 1842'5 17 58 w. 

Mussai’dis livor 4(1 31 291 38 1841 '5 1(1 43 w 


Madawiiska liver. 
(I.' il M i! 


47 22 291 41 

(7 12 291 4(1 
!7 19 291 50 


1 843-5 

1817-5 

1842-5 17 53 W. 


Mouth of Grand livor 47 11 292 03 

Fort Fairfield 4 fi 46 292 10 

St. Nicholas Harbour.. 49 19 292 12 

N. Shore of St. John’s 47 04 292 13 

Poconk Hill 4 ff 59 292 13 

Aroostook mil 46 47 292 13 

Blue mu 46 38 292 13 

Parks HUl 46 07 292 13 

Near liver St Grok... 45 57 292 13 

GrandFallsofSt.John 47 03 292 15 

livicro dos Chutes ... 46 36 292 16 
At sea 49 04 292 17 

Woodslock 46 09 292 25 

Pi), dn Moots '49 19 292 37 

O-W’ '45 11 292 43 

- .... !.■ 38 292 49 

Ohamcook 45 07 292 55 

Cape Chatte 49 06 293 14 

Fredericton 45 55 293 17 

.41 .sfi.a 19 36 293 21 

Dullioiusie ThIiukI :48 01 293 37 

Oai-lclon Point ! 48 05 , 293 .12 


17 43 w. 
17 28 ;y. 
17 15 w. 
16 09 w. 

16 00 w. 


21 37 w. 


20 13 w. 
15 21 w. 

21 35 w. 
17 36 w. 


1 00 w. 
1 1515, 

0 50 w. 

1 25 £. 


21 27 w. 1 00 w. 


St John........... 

Mould Liuv's Bivfr ...' 

J’a.'isebiec 

Viii IsJaiid, M-ViP’i'!i.-\- 

Cai-aqiiolte Lmud | 

! 

lichibiielo liver ■ 

Point 'Miujiiereiiu ' 

Ifeiuville i 

Sldpfrigaii T[iirbour...l 
Miscou 'Harbour ! 


45 14 293 57 
49 Iff '291 15 
18 III loi.| 25 
47 'Hi 2 :i.| ."i.'i 

47 50 1 2!i5 07 

46 43 '295 11 

48 12,295 13 
45 12 1 295 14 

47 45 1 295 17 
18 or 295 30 


1842-5 22 56 w 

1839-5 20 15 w, () 15 w. 
1838-5 20 23 \v. 0 20 w. 

1847-5 

1828-5 22 01 ) w. 1 10 w. 
1838’5 21 21 w. 0 21 ) vv. 

1837 - 5 li) 46 w. 1 ) 25 vv. 

1838 - 5 21 30 w. 0 20 % 

1 839 - 5 lO.ffOw. 0 15 IV. 

1837-5 . 22 1 ) 1 ) e-..- 0 25 w. 
1 817-5 I 

11838-5 2 l.l 3 \v. 0 20 w. 
1 1838-5 j 20 35 w. 0 20 w. 




17-1 w. 

1 1)0 TV. 

18-5 TV. 


18-0 TV. 

0 . 1.1 w. 

19-7 vv. 


18-0 TV. 

0 (15 TV. 

16-8 TV. 



17-9 w. 

1 ) 05 3 'J. 

18-0 TV. 

0 1)5 TV. 

17-5 vv. 

1 00 TV. 

21 0 TV. 

0 05 TV. 

17-8 TV. 

0 05 TV. 

17-6 TV. 

0 05 TV. 

17-3 TV. 

0 05 TV. 

16-2 TV, 

0 10 TV. 

16-2 TV. 


21-6 IT. 


21 - 2 w. 
14-1 w. 

22 - 4 w. 
16-2 \v. 


22-9 TV. 

20-6 TV, 

20-7 w.. 


23-2 TV. 
21-7 w. 

20- 2 w. 

21 - 8 TV. 

20-1 TV. 

22 - 4 TV. 


Corroction 
to Epoch 

Corrociod. 

Ob- 

Corroction 
to Epoch 

1842 - 5 . 

- 

/ 

1842 -S, 

H If !-. 

I I -9 V.-. 





;•) 21 




77 


1 f.l ‘f. 

IS-/-V.-. 



I f.. 


78 35 

■ 

‘f ;;•» 




! 

. 1.1 V,-. 

1 S .1 , 


1 

f l'» ; . 

i(w; 

77 38 

1 




77 -i:* 


1 f.l v. 

I:v 7 V.. 


1 

1 

1 

n . 1.1 V.. ' 

IH.l vv. 

77 II 




77 47 


0 I'.l . 



1 


22*1 TV. 
20-9 w. 


75 40 .. 


Force in 
British units. 


Obsorvoi'H. 


I'. .!ni; :y 
i ■ 

( ■ I'.lli*. I. 

Ii..\ lii* I. 

i;Ai!‘ I. 

111: . 

i. 

i; 

II- .'iM 
I I ■ I 

]]oun(luvy Survey. 

I limiMil.'iry iSiirM'v. 
Ikyliold. 

Omliiuii, 

(Inilmni. 

II i.'.'! I V 


mm 


1 1*1 , Onihmu, 

Kroly. 


Snrvny, 
liimiiiiiirv Siirvi'v. 


1 flrnimnu 

Kody. 


77'0 t 

77-2 

79-4 


Bmmdiu-y Htirvoy, 
Biiyfield. 

Gmlunii. 

Qiiihato. 

Q-ruhaoi. 

Bouiulaiy Survey. 
Gnilmoi, 

Gniliiwu, 

Gralimn. 

Keely. 

: Keoly. 

3'jefroy. 

: Kooly. 
ifliiyueld. 

1;. S. (.'oiisl Survey. 
Baylicld. 

U. S. Coast SuiToy. 

Bayfield. 

Kooly. 

Lofroy. 

Bayfield. 

Bayfield, 

My, 

BayMfl. 

Bayfiohl, 

Bayfield, 

Bayfielcl. 

BiiydcM. 

Bnvlii'ld. 

lOvly. 

BiiyJiold, 

Bavliold. 
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ZONE IL— Lat. 45° to 60° N. (continued). 


Stations. 

jat. N. 

Long. E. 

Date. 

Declination, 

Tncliiuition. 

Eoree in 
Britiah units. 

Obsorvors. 

Ob- 

served. 

Correction 
to Epoch 
1842*5. 

Corrected. 

Ob- 

servocl. 

Correeiion 
to Eiiock 
1842-5. 

Corrected. 


0 t 

0 / 

18320 

0 / 

22 04 w. 

0 / 

0 r)0 \y. 

0 

22*9 w. ] ofij .7 

0 / 

78 50 


0 

78-8 


.Bayfieldv 

Gaspe Basin 

4S 50 

295 30 1 

1 



22-5 w 





Bny(u‘l(L 


fO 48 

295 36 ^ 

1040 U 

I830'0 

Htf W. 

24 22 w. 

1 00 w. 

25 *4 \\\ 





Bayiii'kl. 

■ 1 " ' 

Hi 15 

2115 37 

1839-5 

19 69 w. 

0 15 w. 

20-2 ff. 


..... 



Bay bold. 


4S 10 

295 44 

1847*5 




75 41 


75-7 

13*02 

Kooly. 

CiistMniiDoquc 

46 48 

295 57 

1846-5 

21 10 w. 

0 15 1. 

20-9 w. 





.Bayfield. 

Capo Tiinnoniinc 

46 10 

296 10 

] 840-5 

20 00 w. 

0 10 w. 

20-2 vv. 





.Biiytiold. 

Bedeque Harbour 

46 34 

296 12 

1811-5 

20 12 w. 

0 05 w. 

20-3 vv. 





Baylitml. 

Carleton Head 

4() 15 

296 17 

1840-5 

20 18w. 

0 10 vv. 

20-5 vv. 





Jmytuud. 

Eiclimond Bay 

46 34 

396 17 

1845-5 

21 00 w. 

0 15 E. 

20-8 vv. 





Jiayfiolcl. 

?-. ■ r.- :■’! v.i- 

l.'i 53 

296 19 

1840-6 

19 40 w. 

0 10 w. 

19-8 vv. 





Bayfkld. 

.V 

I.-. 49 

296 34 

1840-5 

19 50 w. 

0 10 w. 

20-0 vv. 





Bayfield. 

r* -i T 1 ■■ i. ' 

IP 

396 40 

1845*5 

21 41 w 

0 15 E. 

21*4 \v. 





Buy Hold. 

Ci..; 

!•; 14 

296 52 

1842-5 

21 03 w. 

21-1 vv. 






.Bayfield, 

’ Pictou Harbour 

45 43 

297 20 

1841-5 

20 19 w. 

0 05 w. 

20-4 vv. 





Bayfiidd. 

George Town 

46 n 

297 27 

1843-5 

21 58 w. 

0 05 E. 

21-9 vv. 





Bayfield. 

Merigomish Harbour.. 

45 38 

297 33 

1842-5 

20 16 w. 


20-3 vv. 






IJayliold. 

t Af. HP>n, 

49 34 

298 07 

1842'5 

27 23 w. 


27-4 vv. 

. n 1 . - 




Lelroy. 

. Ain1ior?t Harbour 

.17 15 

298 10 

1833-5 

22 36 w. 

0 45 w. 

23-4 vv. 





Kiy-lii'ld. 

1 li.PttiMiior AuiicoHi... 

■111 OS 

298 18 

183()-6 

25 19 vv. 

1 00 w. 

26-3 vv. 





Jiuyflold, 

"Rrvnn T>4lflTn^ 

47 48 

298 34 

183fr5 

23 30 w. 

0 35 w. 

24-1 w. 





Bityllidd. 

Af. 

49 26 

298 40 

18425 

27 48 w. 

27*8 w. 

79 12 


79-2 


lioiVuy. 

■ TaIa TVrndp’niA . . 

•45 28 

298 57 

1862-6 




75 31 


75-5 


iSlmthvolI. 

T 1 nr *1 , 

1 ... 

!'() 

299 04 

1848-6 

21 06 ff. 

0 30 k. 

20-6 vv. 





K('«'ly. 

■ 1 ' ' 

II ■ 1* 

299 05 

1848-5 

22 30 w. 

0 30 H. 

22*0 Wv 




M.... 

Iv'cK'ly. 

1 \ 1 • . 

1 i / 

299 37 

1848-5 

23 41 w. 

0 30 11. 

23-2 vv. 





Kooly. 

At aea, 

48 05 

•299 40 

1842-5 

26 57 w. 


27-0 vv. 

78 29 


78-.5 


bii'i’dj'. 

At Aon , 

19 11 

299 47 

1842*5 

28 16 Wf 


28*3 \\\ 





Li^Voy. 

Ciipo fb’oloa ' 

' 16 16 

: 299 53 

1862-5 




76 03 




iSlimIvvoll. 

T.oiiisl)iinr 

; ■(:) 53 

i 300 00 

1862-5 




76 00 



It**#* 

HI indwell. 

.Vr<A.v 

17 IR 

300 15 

1842-6 

9ri ^ t "W 


25’B w. 

78 06 


78-1 


LolVoy. 

Cod Hoy Inland 

, -fcl J-U 

1 

;47 53 

300 35 

1835-6 

Mif O'* 'r* 

26 nthv. 

0 35 w. 

A*/ M YV» 

25-6 w. 

f V VIr 

♦ *•< 



Bayfield, 

At POR 

'46 11 

304 39 

1842-5 

25 39 w. 


25-7 w. 

77 03 


77-1 


LeiVoy. 

At son 

, -46 13 

304 53 

1842-5 

26 32 w. 


26-5 w. 





]'iPfVoy. 

At son 

i .15 52 

306 49 

1842-5 

28 29 w. 


28-5 vv. 

76 09 


76‘2 


Lolroy. 

Si. (film's ITiirbour ... 

l-t; 3.1 

307 18 

1844-5 

29 36 w, 

0 10 B. 

29-4 vv. 




]{ayfield. 

Ai; sea 

'45 13 

! 309 -18 

1842-5 

26 49 w. 


26-8 W. 

76 07 


76-1 


lioiVoy, 

At sen 

;46 09 

; 3i>3 37, 

1842-5 

30 38 w, 


30-6 w. 

74 21 


74-3 


Lefroy, 

At son 

MS 1 1 ! 324 30 

lp.12-5 

31 31 w. 


31'6 -w. 

74 69 


76-0 


Tj(4Voy. 

At poa 

;.I7 06 

: 325 40 


:iJ 21 


32-4 vv. 

74 23 


74-4 


LelVoy. 

At- son 

|46 .11 

; 326 36 


O'l -17 *.■., 


30-8 w. 

74 00 


74-0 

1 * • « « 4 

TjolVoy. 

A( 

.17 -n .'ii; 

i l842-,» 

:| 30 ‘10 w, 

t 

30-8 vv. 

y.'t v7 


7;i-4 


7 i/\( vov 

At sea 

1 

' 45 35 

1 332 25 

! 1830-5 

'i 

! 

1 70 47 

1 ■ > 1 I « B 

i 

70-8 

I i « 

####•• 

Erninn. 

Ar. pea 

i 15 52 

! 333 32 

i 1 830-3 

1 27’5S w 


2H-(1 vv. 





Ernian, 

At f-ca 

1 i(> 53 

1 331 07 

; 1811-5 

29 40 w 


29-7 vv. 

il 


. . . 


liarnott. 

At fioa 

i49 55 

' 335 00 

! lS-l(;-5 1 


1 

72 32 

1 

72-5 


Mooro. 

lAfceoa |4() 50 

1 

j 335 05 

,1830-5 

, 28 23 

1. 


'28-.IVV. 

1 

n 

i 

\ 

j 

*.•».« 

Ennan. 

1 At acfl 

j47 20 

335 09 

’ 1812*5 

1.' 31 07 'V 


‘.IMiv. 

1 

1 

1 27 


72*5 


T jfifrov 

At Kca 

■46 46 

■ 335 41 

! 1 


] f A Af 

:70 07 


r tf 

70-1 

10*99 

lUrniun, 

At sea 

-16 .41) 

! 336 05 

; i-'iii-.s 

;;o 1)1 w 


|30-lvv-. 

ll 

1 



Bivriiott, 

At sea 

15 45 

336 26 

18li9'5 

25 30 w 


!25-5vv. 

1 

1 

i 


Btoird. 

Al- sea 

•17 33 

336 56 

, !«I2'5 

31 17 w 


31 '3 vv. 

'72 08 

1 ... 

1 72-1 

1 

V.t«M 

LolVoy. 

Ah sea 

46 43 

338 23 

1 1839*5 

i' 27 00 w 


27-0 TV. 

1 


1 


Bfirard. 

At .efifl 

46 53 

338 25 

1 18.11-5 

!! 3(1 51 V- 


30-9 w. 



1 

» IV * » * 

Baniot4 

, At son 

47 03 

3:i!) 07 

1 1830';) 

• 27 54 M- 

1 

27-9 vv. 


j 

1 


Erjnati. 

.At acn 

(7 37 

339 46 

' 18-11-5 

.'i 30 30 w 

i 

30*5 w. 


1 



il'JI iFIAlVlAf 

Burnett. 

At sea 

148 62 

340 53 

i 1842*5 

i . .'1(1 .ni n- 

1 

30* 0 w» 

;7l 30 


71-5 


il-AVVW* 

T jAfrnv 

At sea 

47 55 

3.J2 25 

' 1841-5 

ii ^8 

28*4 w. 

1 

i 


Tiflrnetit 

At sea 

45 27 

j 342 53 

1839-0 

1- 

1 

'1 

!! 

,= 6!) 30 < 

j 69-5 

1 ...... 


Riitivan 

At .sea 

'48 11 

! 3-13 18 

■1841-5 

29 26 w 


29-4 vv. 

.' 1 


Barnett. 

At sea 

:49 17 

! 313 31 

1846-5 

' 



1 70 47 1 

■ 70*8 


Moore. 

At fica 

•10 16 

i 3.13 51 

1846-5 

:32 01 w 


32-0 vv. 

i! ! 

1 

1 ,** « « . 

Moom 
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ZONE IL — Lai 45° to 50° N. (continued). 






Declination. 

Inclination. 



Stations. 

Lat. N. 

Long. E. 

Date. 

Ob- 

served. 

Correction 
to Epoch 
1842-5. 

Corrected. 

Ob- 

served. 

Correction 
to E])odi 
1842*5. 

Corrected. 

Force in 
British unik 

Obsorvors. 


0 / 

0 / 


0 / 

0 / 

o 


0 / 

/ 

0 




At sea ; 

47 47 

343 58 

1830-S 





70 04 


70-1 


10-53 

Erinan, 

At soa..... 

48 18 

344 23 

1842 

29 29 w. 


29-5 w. 


70 45 


70-8 




LiiiVoy, 

At sea 

47 46 

344 24 

1830 





70 07 


70-1 


10-55 

■Unnan. 

At sea 

47 6fl 

346 03 

1830 

26 18 w. 


20 '3 w. 







EiMtian, 

At sea 

49 17 

345 31 

184(5'5 





70 65 


70-9 



Moovo. 

At sea 

48 34 

SM) 00 

1841 

28 37 w. 


28-6 w. 







Barnett. 

At aea 

47 97 

346 52 

1839 

1 • « « • . 




68 52 


68-9 



i-iulivan. 

At sea 

48 13 

347 07 

1830 





(59 30 


69-5 


10«51 

Knntvn. 

At sea 

48 27 

348 32 

1830 

1 26 06 w. 


26*1 w. 








.Ernuuu 

At eca 

48 48 

349 28 

1812 

27 44 w. 


27-7 w. 


69 45 


69-7 


* » * 

Lofroy. | 

At Boa 

49 26 

350 15 

1846 

27 46 w. 


27-8 w. 







Mooro, 

At sea 

48 67 

350 28 

1830 

25 58 w. 


26-0 w. 







lilrinan. | 

At sea 

47 47 

350 42 

1840 



1 






10-65 

Bohh, 

At eoa 

46 IS 

351 54 

1839 

24 i'i w. 


24 2 w. 







Du Petit Thoiiars. I 

At sea 

46 38 

351 54 

1842 

27 10 w. 


, 27-2 w. 








tTohouno. 1 

Ki- ann 

49 16 

351 57 

1830 





69 16 


69-3 


10-69 

Evuiaiu 

\: 

l!i 22 

352 22 

1846 





69 09 


69-2 



Moore, 

At soa 

149 11 

352 22 

1812 

26 16 w. 


26-3 w. 


69 19 



69-3 



Lofroy. 

At sea 

49 37 

1 354 55 

1846 





68 34 


08-0 



Monro. 

At soa 

48 09 

355 02 

1839 

24 03 w. 


24*1 w. 







Du Petit ThouiirH. 



c 

1834 




0 

68 20 

--20 

08-0] 

1 ^ 

10-.'t2 1 

n-.., ..,*:■ -v. 

Brest 
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aENBRAL SIR EDWARD SABINE ON TERRESTRIAL MAONETISM. 


ZONE III.— LATITUDE 50° TO 55° N. 

To this Zone belong the Stations (151 in number) comprised between the Latitudot, of 50° N. and 55° N., 
printed in the Philosophical Transactions for 1870, Art. XIV. It has not boon doomed nocosaary to reprint 
those stations here, as they admit of easy rcfereuco being made to them. 


Authorities. 


Rosa Philosophical Transactions, 1842, Art. II. 

Perry Philosophical Transactions, 1 870 ; ai\d Proccodings of Itoyal Society, 1871. 

Mahmoud Mem. do I’Aoad. 11. de Belgique, 1850. 

Blossetille MSS. in !Magnctic OfRoo, received from Capt. Blossovillo. 

Lament Mag. Enters, in N. Deutschland, &c. (Muiiohon, 1859). 

Eorbes Transactions of the Royal Society of Edinburgh, vols. xiv, and xv. 

Quotelet Mem. de TAcad. Royalo do Bruxelles, vol. vi. 

Eox Philosophical Transactions, 1840, Art. IV. ; and Cornwall Polytechnic Soc. Reports, IS59. 


H:ansteen,Wrangel,'l (Christiania, 1803). 

Keilhau, and Due J 

Xiirntz, L. E. von. . , .Mem. by Rikntchoff ; Report, fur Meteor. Band I. IToft 2 (rctersburg, 1870). 


Kroil Mag. und Geog. Bestim. im Sudost Europa (Wien, 1802). 

D’ Arrest .M8S. in Magnetic Olllco, commindcatod by Professor L. 8. Kaint/. 

Ksimtz, L. S MSB. in Magnetic Office, roooivod from the Author, 

Erman lloiso urn die lilrde (Berlin, 1841 ). 

Humboldt Asio Centralo, vol. iii. 

Sawalief Bull. Phys. ct MathOn. do PAoad, Iinj). do Russii', vol. x. 

Wild .Report, fiir Motcor. Band F. Iloft 2 (Pet('rbburg, 1870). 

Foderow MBS. in Magnetic Office, roecivod from M. Struve. 

Fuss, G- von Mdm. do I’Acad. Imp. do St. Petersburg, 1838; Mag, und Goog. IJo.stim, in SUiIrien. 

Fritsche Report, f irr Meteor. Band 1. Heft 2, 1870. 

Xosmin, Etoline . . . .Kamtz; MSS. in ]\[agnetio Office. 

Liitke Mem. do PAcad. Imp. de Russio (Lenz, 1834). 


KeHett, Beechey,! Observations.) MSS. in Magnetic Office, received from tho Hydrographic Office. 
Collinson, Crane/ ^ i 


Moore ........... .(Soa Observations.) MSB. in Magnetic Offico, received from Admiral T, E. L. Moore. 

Richards, Pender .... MSS. in Magnetic Office, received from tho Hydrographic Offico. 

Douglas (David) .... Report on the Earth’s Magnetic Force, British Association Reports, 1 838. 

Lefroy Philosophical Transactions, 1840, Art. XVII. 

Franldin Journeys to the Polar Sea, 1819-1827. 

Back .Mem. by Christie, Philosophical Transactions, 1830, Art. XIX, 

North Coast of America (London, 1843) ; and JMSS. in the Mague 
' * L Office, received from tho Anther. 

PaHisor MSS. in the Royal Geographical Society. 

Bayfield MSS. in Magnetic Office, received from tho British Hydrographic Office. 

M'-'Clintook MSS. in Magnetic Office, received from Sir Leopold M‘*Cliutock. 

Stanton ,MSS. in Magnetic Office, received from the Hydrographic Offico. 
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ZONE IIL-Lat. 50° to 55° N. 
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OENBEAL SIR EDWARD SABINE ON TERRESTRIAL MAGNETISM. 


ZONE III.-Lat. 50° to 55° N, (continued). 


Declination. 


Inclination. 


Force in DriliHh units. 


Stations. 


Lat. nJ Long. 1. Date, 


Correction 
to Epoch 
1842*5. 


Oorroctod. 


Cor. to Qi Cor. to 

Horvod.fP":J Corvootcd. 80™^'^- 
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ZONE IlT.-r Lat. 50° to 55° N, (continued). 
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.-rni'r,'. 

K-. 'll 
SJ2-5. 

1 vir:i' 

/ 



■) t 



0 37 1;. 

S-2 i;. 


1:7 Hi 

. 1 - 0 

0 ; 0 

0 3/ 

;ii I.. 


0/ IS 

-I- 7 ■ 

07-0 

{1 3s ' . 

S 1 1-. 


liS n,S 

■i- 9 

OS'.-f 




08 IS 

... j» - 

|IS'5 

0 38 

s-o 1 -. 

■ o'.l 

•is .*0> 

: 0 

OS-iI . 




O'*’ 17 

..11 ■ 

i:!' d 




'i.S 5 i 

.-13 

1:01 

0 30 ! . 

!‘v i\. 


li.S .VI 

- 13 

•;!>-i 



0 0 

ii*' ."iS , 

- 13 

0!'-2 

0 It If. 

!H; r. 


iJH 50 ; 

.j.H! 

00 2 


■> 


I'.'.I 19! 



0 37 =■■■ 

!)■ 1 r. 

■ 0 1 1 .. 

• 1 !) 30 

-."13 

01' !i 




08 311. 

.. 13 

'iS 7 

0 35 

S-!l r;. 


0 ; -ir' 

- 11 

lis-d 

0 3'i 

S 0 1 ;. 


07 15 

.17 i 

1 

07-5 

n 33 . 

0 21 i.. 

7-0 r. 

S 1 1 ;. 

.'i-0 

{•0 31 . 
•i'l 20 1 

1 

.^17 
- Id 

OO-.s 

iI0'7 

0 3-: i . 

; ii-5 1 ;. 


0,1 -Ih ' 

■ 1 

00 1 

II 30 i-. 

/■o 1 . 


05 IS 

-■2d 

O.'p-O 

0 3-.» !■.. 

7 2 I.. 


05 1-1 

:.2I 

1 

05 '(I 

0 3i; -.. 

7-0 1 . 

7 0 

Oil 02 
iM 01 ) 

-. 2:1 1 

00- 1 
i:o*.» 




Oi) 10 

■ 25 

07 2 





07 21 

2.i 


I'l 34 -. 

. S-{i 1 :. 

Sd::. 

OS 15 

27 

o.-i-; 


1 

j 

•iO III 

..,.27 

os-o 




00 3*1 

.|..27 

711 II 

0 22 

5*11 r. 


jd ilO 

- 31 ) 

;ii 




70 Id 

3d 

7'i-7 

II iS::. 

3-2 1 ;. 





0 IS'-. 

3'0 1 .. 


7d 23 

+31 

7d-0 




Oil 32 

31 

/dl 

• 



71 00 

-O:? 

7d 1 




0!' 1 ;; 

-;.3I 

00 s 




00 IS 

■ 31 

Oil'S 




70 30 

.■■02 

'li'-o 




liS 3-i 

■ 32 

■iO-l 




00 35 

--3*2 

7ii*l 

tl I''.!;. 

;‘.'0 1 .. 


7'i 111 

-■ 33 

7II-II 


I-(.:vv i’l llv;i .'ll 


/ .i » ■ >1 . I 

I.'., .-I 


!ir»2 ■ diJ |];H 

ll'y-l ■■ ••»'» I I'i 4 

H f.'l I ■ 'll.'r ll-J'S 

li'!l,i. ■!I.| 1 1 HI' 


II Ilf -. 

Ih.-.i 
I!; I 


.NO!' 


I I r. 

I -.-7 1107 ■ 1 


1I':| 

I! 1;:. 

I 

I!-!! . 

!!.-i.vm -1. 


I'j ii;; ■ -d! I 2 ii 7 

I:.'-I.'i I -d! 12 10 


lll'ii mM ll-i'l 


Ill'll d.“, liOj 

M.'S'i ■ III! I Ml! 

Il 'l.'l ; ’'"l II i'i 


I:i-'||| ■n;* 1211/ 

l;M:’ -d; 121.1 

I • I'/ i:;;m 


h.™ s -{I/ l2-.;2 


M: 

I’i* !i r -w. 
Ih.. 

Il:.'i'!> 'll. 

Ili.'i'ii- -ii. 

II. :i '.'’i-ii. 
Il:; i 'mI'. 

!!i-i ' IS. 
I!;. I-!' 1 ;. 
l!-:-l..i.. 
Il-‘ii...|-. 
Ii:..i ii ■ 1.. 


2/1 

•lit I9f<l 

lllM-l-l 

2 O.'i 

.•11 LS'i; 

l■'!’l:;.|■l. 
I.' . 

277 

:ii i*-Ms 

Ih'M'. 


12*7ii 11 12-sl 


1 52 38. OUia. 
130 h. 0 14 b, 


2*1 E. 

1*810. U-Ob. 


USE. 0 13®. 
2 42e, 0 42 \v. 


Tiistwiiiisplinoi ;5l 5-i • 

riifiraztiisbi '50 3!) ■ 

OlaoiL^k i):\ 02' 

Kadiliiiiia ;52 00 

TjimumGWslc '54 15 

PoTiflTnnr«ewsilc 1 54 50 1 

CJiogoti'kMiii 53 .‘18; 

153 25 

]3inka] 152 02, 

Toasolsk 1 53 01 = 

I : 

Stcpuoi 1 53 10' 


104 30 1830*0 

104 44 1830-5 

104 50 1820*5 

lot no I ^^5^0*0 

18300 

105 30 1820*5 

105 23 1839*5 

105 25 1820*5 

105 41 1S20-5 

' lH-^0 0 

105 10 I 
100 17 1832*5 

lOG 30 1830-5 


3 27 fJ 0 13e, 3-7 «. 


1 18 r. I 0 12 F. 
1 03 E. Ml n n. 
0 43i:. OllK. 


1-5 i:. 

1*2 K. 1 - , 


1 08 11.' 0 111;. 


(!!) 115 +S3 

fi7 11 +59 
08 13 "j'’34 ' 
(>8 07 +34 i 
08 13 +34 ! 
08 13 +34 
08 20 +31 
00 45 --63 

07 58 +34 
00 57 +34 

08 44 +U 
07 34 .:.34 
ii/ HI. -1-31 ! 

70 13 ; -3J 

I 

'70 2,‘l +34 ! 
(IK 4!) +.’M I 
I 

I 

: rir^fi ’+.'14 ' 

;C8 02 +;ii 

(18 11‘ +iH 


.;|i-l |■^..S -I I 

Til- 1 IJ/I ■11 1. 

7ii-'i 1:17-' 1-.1 I-IM 

70'0 n!'8i +'ia ISl'Wf 

(I8’8l la-W -I-IS 1277! 

(i[i-7; 'ii9-.i!) I- ' 

i;k« }■(>«•/ i-' '■ 

(iK-H ii9'ij(i 

(i8-9 IH'SI 4-'19 i5!'«3 I 

687 J im ? ?J 

fi8-S 12’fi3 +'12 12'B4 

B7-S 12.31 +'12 ]2'-13 

eoa 12'7fl +'12 124)1 

(IMT l'2'.ir. +-13 12 'o71,2.„o 

70'8' il27.r+'12 12'87 

710 12'83 +'12 12'1)5 

I2'fi7 +'12 12 'a 9 

13-iVi j kw;)] 

OB'O ■'12.:)S +-19ll2'.’i0 

CS-8 i; 12'(in 1-1--12 |12'8I 


I..'::!-!'!. 

II: I 

III.;-.!-.--!. 
III!.'’- I!. 
II i ■ 1. 
iliumU^nn, 

Wrangftl. 

Vm, 


h\m. 

Pritflche. 

PllSfl, 

FUBfl. 

'Krninn, 

Fnuan. 

ilMIlBlOi.<n. 

Eman* 

Dm, 

Dun, 

FriJiiin. 

I'lrti un. 

Ilfilli^UVU. 
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GENERAL SIR EDWARD SARlKE ON TERRESTRIAL MAONKPISM 
ZONE III.— Lat. 50° to 65° N. (continued). 


1 . 




‘I'-.. 


Troizlco Savvek 


Moimchonowo 


Kblosaowaia . 

Solenginsk,.., 

Taralf on awo . 
Kvirbinfilc .... 

' Arsontscbowa, 


W.Udinak. 

T.r'Vi;=5Vi.. 

l\l. ■!!!.'; 

I .t^ogroiuuoi 


50 21 

50 68 

53 0/ 

61 0(5 

53 03 

62 03 

51 17 


51 40 


51 15 

52 ^0 


Ku ' I : 53 05 

3(* 15 

■13 01 

T.- ■! fin 34 

\vr:r'i:. y!. T..w: f,; ij^ 

.'Uiiij,vm 51) SO 

SLi‘t:M'iibk 52 15 


Zuruolmitu: 

G'orbizlfoi 




NoHcliinsk Mine 


Argunskoi . 
tFraipina , 


Liapina River 
UstUrowskoi 
Schegclatachinskoi. 

TJststvotonsk 

TTmutna River .... 
Oldoi 


TJdflk 

trdaRivei' 

Capo I)ugandncba 

flroiii: Sliauiar Island. 

Natscbika 

At sea 


At sea,, 


Pctropanlowsk 


At sea.. 


At sea., 
At Boa., 


At eca*. 


At sea.. 

sea.. 
At sea.. 
At sea*. 


n; 


50 23 
5.3 05 

',51 10 

61 33 

52 47 

53 27 

52 08 
63 15 

53 20 
63 20 

53 30 

54 30 
54 42 

54 37 

55 00 
S3 07 

51 05 

SO OS 

53 00 

52 23 
52 51 

52 41 
52 56 
52 U 
52 36 

52 36 

54 36 

53 36 


50 24 
53 57 


lOO 28 


106 28 


106 32 

106 30 i 

106 53 
106 53 

106 55 ' 


107 44 

108 24 
no 34 
111 03 

111 03 
113 24 
113 26 
113 31 
116 30 
117 12 
117 39 

119 02 
119 08 

119 36 

119 56 

120 03 

120 38 

121 08 
121 20 
121 50 
123 (15 
123 23 

134 37 

135 25 

136 45 
138 04 

157 25 

158 01 

158 39 


158 40 

158 47 

160 05 

160 60 
160 61 

161 30 
161 48 
161 55 


IBS 34 

165 51 

166 20 
166 32 


1829*0 

0 65 w. 

ISidO 

0 01 15. 

1867*.5 

0 39 I'l. 

1829-0 

0 31 B. 

1H29'0 


1830*5 


1829*0 

0 16 b . 

1832*5 

1 13 E. 

1829*0 


1832-5 


1829-0 


1829-0 

0 10 E. 

1829-0 


1829-0 


1832-5 

0 24 li. 

1868 0 

0 01 E. 

1832-5 

1 10 E. 

1832*5 

0 23 B. 

1832-5 

0 18 NY. 

183*2*5 


1832*6 

t r J t 

1832*5 

1 13 NV. 

1832*5 

2 Uw. 

1832*5 

2 53 w. 

1832*6 

1 BOtf. 

1832*5 

2 62 w. 

1832 5 

3 11 w. 

1832*0 

2 64 NV. 

1832*5 

4 06 w. 

1842*6 

3 60 w. 

1869*5 


1832*5 

3 44 w. 

1832*5 

4 04 w. 

1832-6 

3 27 w. 

1832-5 

2 57 ff. 

1832-5 ’ 


18325 

4 21 \v. 

183-2’, i 

3 39 w. 

1832*5 

3 46 w. 

1830*5 

00 NV-. 

:183()*5 

: 5 07 w. 

1830-.') 

■ 5 20 NY.- 

183(1-5 

5 -j:, ft*. I 

il82!)-5 

: 4 IK) K. j 

; 184 9-5 

1 4 56 i:. 1 

! 1848*3 

; 2 in r. i 

■ 182,1*5 

■ 1 13 r. ■ 

1 1827-5 

; 3 43 E. I 

; 1829*5 

4 04 11 . , 

■ 18-J19-.1 

!' 2 37 i:. ' 

! 1848*.') 

' 2 57 E. ! 

i 1850*0 

: 3 37 c. 

1849‘5 

4 16 b . 

1828*0 

4 17 B. 

1860*0 

6 30 K. 

1850*0 

6 18 K. 

1850*0 

6 35 h . 

1849*6 

6 44 b . 

1850*0 

7 15 E. 

1845*5 


1854*5 


1850*0 

7 47 b . 


" M . 

0 11 B. 


0 21 W, 

0 10 15 . 


0 10 k. 
0 10 m. 


0 10 E. 


0 10 B. 


0 10 B. 
0 10 K. 

0 10 E. 


0 02 w. 
0 02 IV, 
0 03 w, 
0 04 w. 

0 04 w. 
0 04 w, 
0 04 IV. 


0 04 w. 
0 04 w. 

0 05 IV. 
0 05 w. 


0 05 w. 
0 06 \v. 
0 06 w. 

0 08 IV. 
0 09 w. 
0 09 IV. 
0 10 iv. 

0 11 IV. 


0 M w. 
0 14 IV. 
0 14 w, 
0 07 k . 


i:-I • 

0‘4 IV. 

0-2 K. 

0-3 E. 
0-7 E. 


01 B. 
0-7 II. 


wi }«’»■ 


oK}”»- 


0(!h. 


V3e. 
O'O b. 
02 w. 


0-6 B. 


1- 2 IV. 

2 !» SY. 

2’9 ff. 

1‘9 w. 

2- 9 w. 

3- 3 iv. 

3'0 ^Y. 

4'2 w. 

3-8 w. !• 4*0 w. 


3'8w. 
4*1 w. 

8-B w. 
30 w. 


4 '4 w, 
37 IV. 
3‘9 iv. 

3'1 IV. 
3'3 IV. 
rri'i w. 
5'6 W. 

3- 8 

4- 9 r. 

2- 3 15. 
4-0 B. 

3- .515. 

i 3-8 k. I 
27f,. J 
30 E. 
3’6 c. 

4'3 K. 


! 3-5 M. 


6-5 E, 
6*3 B. 

6*6 E. 

67 b . 
7 ‘ 3 e . 


7*8 B. 


i;-: ;■! 

06 I I 

06 24 

07 48 
06 57 
06 49 

08 10 

06 51 

(1822 

07 59 
07 34 
07 10 

07 64 

07 .53 

08 00 
08 57 


08 08 

07 59 
00 40 
(17 '13 
(16 32 
07 li» 




07 39 

06 13 

08 22 

06 34 

07 09 
07 57 
(Hi 54 
07 53 


08 11 
08 11 


04 05 


+3J) 

■+•31 

-55 

+35 

+34 

+35 

+35 

•+33 

+35 

+35 

+3.) 

+35 

+26 

? 


+37 

-1-37 

+37 

+37 

+37 

+37 

+!17 

+.17 

+38 

" "? 
+38 
•4*38 


■1-3!) 

+39 


(i(i*8 

66 !) 

66*9 

[ 67*5 


66'9 


68*7 

«fn67-4 

'eii-o 
68*6 
68*21 
67 9 1'''^’' 


085 

08*5 

7 


l)8'5 


+42 


(18*8 

08'(i 
07*3 
08-3 
07*2 
07*8 

08*3 

(id'B 
(il)*0 
07*2 1 
67*2 67*2 

H 

07*5 
68*5 


n8'8 

(18*8 


*.*!«« 

m 


;()l i)i\ H-i;j I 64*81 

llil 1)7: -I-*'* ! 64*8 

f)0 i 64*0 


647 


:: I 


63 ;3i‘ ... 
62 4,-* : ... 


«;i*6 

62-8 


\tn 


ii!’56 

12*5!)' 

iTihl 

7 


i 

1 

12-16 

+•12 


12*54 I 

12*39 

-j*“']2 

12-54 

12-71 

? 

? 


12*50 

+•12 

12-62 

12*()2 

12*(i:) 

+■12 

12-75 


12*47 

+-12 

12-59 


12-{i2 

+■13 

12-75 1 

12*6!) 

12*50 


12(i3j 

12*32 

+•14 

12**1(M 


12*36 


12-50 

12-18 

12-46 

? 

7, 


12-28 


12'42 


12-17 

+•14 

12*61 



+■14 

12*117) 


12*4!) 

•l-M 

12*63 


12*;I6 

+■14 

12*50 


1221 

+*M 

12*38 



»« 1 1 1 1 

*f > D, • 


12*35 

+•14 

12'4!l 


1217 

fll 

12*31 


12*43 

+■14 

12*57 


12*10 

+'14 

12*24 

1 




•*««*« 

1 12*24 

I'j'ijsi 


*(«■** 

12*53 


12''1H 

"K'l'i 

12'(i2 



•***f * 



12*42 

+'14 

12-56 


12-40 

+•14 

) ,i • 1 1 

12*54 


»»»**• 

• f 1 , t • 

•f •!»» 

«*«,,, 

* * 1 > » * 

f *,**4 


« « • t f • 

11-45 

+ *II) 

t • • 1 « , 

11-61 





1. 11*41 

1 


iM iimti. 

Kuss. 

■VIhi'Iio, 

Krinaiu 

llanMliTii, 

naiiHlmi. 

l<lnnan» 

b'lwrt. 

IlnnHl(‘ou, 

Knniin 

[(.■illr-IcClI. 

I' llN', 

bViiHcluL 

lAlMW, 

Kush, 

Kumh, 

Kuhh, 

I''UjiM, 

Kuhl 

b'llSH. 

Mism. 

IAihh, 

OljNoi^viUury, 

OltH(0’Viii.uryF 

lAtHri, 

Kuhh* 

Kuhh. 

lAiHrt, 

Kuss, 

b'llMN. 

Kunmitu 

KoMiiii))!. 

lumiuhu 

KuHUiiiL 

Urnuiu* 

KtdlolU 

tvollctt. 

Ibiorlioy, 

Uitko. 

ISmmn* 

Kelk'fct. 

Kolleit* 

Wlott. 

JAitko. 

Keilett, 

IMIi'tt. 

KcIIhU 

Ivdk-LU 

Krlk'lt 

ifoovii. 

CoDIusoti. 

Jvolleii'. 
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ZONE IIL~Lat. 50° to 55° N. (continued). 


Declination. 


Inclination, 


Stations, 


Long. E. 


' Correction 

“iS." 


Corroctecl. 


At sea 

50 50 

At sea 

51 02 

At sea 

52 05 

At sea 

51 25 

At sea 

53 46 

At sea 

54 16 

At sea 

51 54 

At sea 

53 35 

At sea 

52 45 

At sea 

53 38 

At sea 

53 39 

At sea 

54 35 

AmcMtclia 

51 27 

At 

51 03 

\: M.i 

,il 03 

Atcha 

52 17 

At sea 

53 31 

1 At sea 

53 31 

At soa 

52 53 

At soa 

52 53 

, At soa 

50 29 

I At soa 

1 Uimlaslilcii 

50 29 
53 54 

Croyalgii Island 

54 17 

At son 

51 54 

At m 

51 08 

Al si‘ii 

.50 21 

At Boa 

50 28 

\ f Qfltt 

51 63 

A: v; 

:m 59 

Al sen 

i.il 03 

Al son 

51 46 

At sea 

63 00 

At r.oa 

53 35 


1850- 5 5 54 b. 

18.54-5 

1851- 5 1 6 05h. 

1845-5 

1845-5 

1850-0 9 30 E. 

1854-5 8 36e. 

1850-5 10 20e. 
1854-5 9 25e. 

1850-5 

1854-5 

1854-5 

1830-0 14 05 b. 
1849-5 18 18 b. 
1849-5 17 35 e. 


52 17 185 48 1830-0 Ifi 21 e. 


19 08 B. 

18 09 b. 

19 52 B. 

18 53 B. 

20 35 B. 

19 14 b. 

19 54 b. 

20 50 b. 
20 27 r. 

20 20 b. 

21 05 B. 


198 43 

199 04 


1830-5 24 29e. 

18.50-5 

1830-5 25 37 b. 

1830-5 

1830-5 24 05e. 
1830-5 25 33e. 


.53 35 ' 213 25 1830-5 


Ai wa ;.)3 39: 21(1 22 

Ai wa ,51 .55' 216 27 

Al.wa 1.14 27 1 ' 221 01 

Aiiclior ( 'ovi' j,)3 121 227 46 

.Siiiiiw)!! 1 ,54 34 I 229 36 


18.50-5 24 46e. 
1827-0 24 30 B. 

1830-5 

1866'5 24 59 b. 
1862-5 


.-llliliallav 1.53 62 229 42 1866-6 20 34 b. 

(.'iii-l('r.ilav -.52 60 231 35 1866-5 26 69 b. 

Ivvnaiiil'l lliii-l'oiii- ...'5-J 12 231 48 1866-5 26 IflB. 

8ali-iv Clin- '51 32 232 03 1864-5 23 i)8B. 

Tmuhiiill.l[a.-lmiii- ...-51 06 232 26 1864-5 24 08 h. 


Boavcr Harbour .50 43 232 35 |'!i.''] 

;iii . 

Ti'acpv TTiwlKiui- .10 .“1 203 07 ‘MU)-. 

.lit'iii-inck Ann iVi 23' 233 12 .21 Jli n. 


Poi't Xt'viiio i:»0 3i! 233 ro; 

iScjiiirrol Cow -ilO OS I 237) 03 

Cnr/m* Ijukr o-t 03 1 235 2{» 


■ISliO-.)!: 

lSO-i’5 :'23 51) i: 
1833-5 : 


Shiiirl-V Liiko 

Eoi-t AIcNii'Klrl.i . 
Thonip'^Gn’s liiwr 


■ 5-1 27 235 ‘10 
= 5-2 33 237 31 
:50.|l 23!) 1!) 


I Fort A SMI I i hoi no .fj.) 2() ; *245 32 | iS-i l'5 ■ 21 3!) n. 


I.‘enihiini Pivcr .5-1 OSj ‘2-10 00 

i'’(nT- MfiniDi.ion ‘53 31 1 217 0«S 

SnsiGUohownu ItinT... 5 1 05. 2-18 Ki 
.Snskaicln.'wan JI-iv'a'...l53 50' 2-10 30 

VovlCriU- ;53 31, m 41 

Habknloliowim RivfT...j53 07! 251 30 


.181 1-5 ■ 22 23 rJ 
' I S-l 1-5 21 l(i 1-;. ! 
i 1814*5 !i2-l 2(iv„j 
ISl-lfi !:21 27 k 
il811-5 '■23 01) K. 
!l8-J4‘5r 


Cor. to 
I Epoch 
^842-5. 


0 / / 


"I 0 

24*7 K, 

24*5 


,1 77 54- 1 
!j78 05 ! 
:78 34' 
I 78 41 i 
i'78 2S' 


73 30 ...... 


74 S3 


05 20 05-3 

(U 50 1)4*8 

06 31 m 


fiOlS «!)-8 


Force in British units. 

Ob^ 

sorvod. 

Cor. to 
Epoch 
1842*5. 

Correclod. 



mi 1. 


12^70 1379 


Obsorycrs, 


Oollinson. 

OolliiiKon. 

CoUinBon. 

IVTooro. 

Moore* 

KolUilt, 

Collinson. 

Uollinnon. 

Collinaon. 

OollinHOn. 

Uollinson. 

Collinson, 

Eloline. 

Omno. 

Kellett, 

Eiolino* 

(Vano, 

Kellott. 

On no. 

Kollol-t. 

tVano* 

Knllott. 

1 , 1 /iililio. 


Mnnan* 

ISrunui. 

(k)ll)nson. 

Urman. 

Unuuu* 

,|{rimuK 

Enuiui. 

Urman. 

Oollinson. 

Ijtifko. 

Mnniiu. 

rondel*. 

lUcluu’ds. 

Pondor. 

FoikIoi*. 

Ponder* 

■ I Pendt^n 
Ponder. 

Ricliarclfl, 

Ponder. 

Ponder. 

Pendor, 

3?ondor. 

Ponder. 

Richards* 

Pendor, 

|.Dol.!gU 

II Ddllghl:^. 

j; DoiighiN 
ij Dougins. 

jl 

Lerroy. 

’ LciVoy, 

; 1 .ilViJV. 

jj .LelVoV. 

' Lein)}', 

. LeiVoy. 

, l,,ilVov. 
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ZONE IIL— Lat. 60° to 55° N. (continued). 


1 

^ ■ '4 

a 

1 

11 

, ■ 

■ I' 

Dedinaiion. || 

1 ! 

1 . ■ 1 .. 

h.::, 

Inclination, |j 

Furco In llritinh unitn. | 

■■■ ■ 1 ■ . ... 

■ 1 

Oarlton House 

/ 

.M i; 

.‘-.f ■'.> 

52 51 

.»<■ 

253 47 1 

I 

I 1 

. ' 1 ■ 5 

I8205 

1844-5 

f 

' , 

• ii 

-J! 1 

20 45 E. 
22 65 E, 

1 . 

! al" 

.. |.. . 

] 60 E. 

0 10 ft. 

■it f. . 

- 

22 8 B. \ aa.j J, 
22-7 

1 • i 

78 .'!! 


/ ■■ ■ J 

78-6 ) 

* : ■>.■ 

13-74 



1 

1 : 1 . 7 , t ) 

Saskatchewan Eiver . , . 

53 16 

m 12 

1844-5 

24 45 E. 

0 10 w. 

24-6 B. 

79 11 


79-2 

13-94 


I3-94 

Oavp Portage 

54 47 

257 21 

1843-5 

24 17 E. 

0 05 w. 

24-2 B. 

80 40 


HO-7 




Cumberland House 

63 67 

257 41 1 

1825-6 

1843-5 

1!) 14 E. 
19 36 E. 

? 

0 05 w. 

19-.5E.}*®'®”- 

HO 25 



iT-i-i 



Rr>a7er T /Ake i , ■ , 

54 32 

267 50 ^ 
257 66 

2.58 34 

184;3‘5 

2-2 00 E. 


22*0 E. 

80 34 


80-6 

ll-M 

f ..4.4 

M-U 

R'ciid'. Pflllv . . 

51 4a 

.S?, 48 

1837-5 

1844-0 

17 00 B. 

20 17 K 

0 28 E. 

17-4 E. 

20-3 B. 






, , 

Ww": P:’.c= 

80 24 


801 

1132 


M-32 

I);',. -I U'..; :L. 

liJ Ifl 

250 20 

18(4-0 

18 06 B. 


18-1 B. 

80 00 


80 0 

13 '82 



l;i'82 

Tinlfft 

53 12 

2.5!) 30 

1843-5 

1843-5 




80 07 


80-1 

14-16 

...... 

M-16 

Cj’Oss Ln.ko 

S3 10 

2 ()() 28 

18 03 B. 


18-1 E. 

80 28 


80-6 

14-2(1 


M '20 

Ornncl P.-ipid 

63 OH 

260 32 

1844-0 


80 27 


8()'5 

11-15 


M-16 

L:\ku \Vimii])L‘g 

53 31 

260 48 

1843-6 




80 17 


80-3 

14-0!) 


M()!l 

Lake Winnipeg 

53 34 

260 56 

1843.6 

17 00 E. 


17-0 B. 

.... 


81-2 

I'i'-IH 

• ..4.4 

M-18 

\onvc" TT-"'.'-- 

KO RO 

‘I'P. 53 

1844-5 

15 13 E. 


15 2 E. 

81 io 

* 

44. M. 

, oiiiN--. : 

1 .' 

: ;■ s5[) 

1813-5 

^ 1 4 4 ■ « 



80 46 


80-H 

14-18 



1.1-18 

' Ljiko i , 

■ 

47 

1843-5 





HO 06 

* 4 tf 9 

HOI 

14-12 


M ']2 

■ Hairy Lake 

54 121 

2(J2 4!) 

1843-6 

18 44 IS. 


18-7 E. 

Hi 21 


81-4 

14 D? 


M-07 

Lake Winnipeg 

62 22 

262 61 

1844-5 

MM*. 

*«««! I 

80 24 

9 9 « 9 4 » 

80-4 

14 -.•)() 



1.1-30 

Like Winnipeg 

62 16 

262 63 

1843-5 

16 37 E. 


16-6 B, 



M t , M 

ii-'l 2 

M * ff 1 I 

ii‘.i 2 

Lak'» Wiiiiiioi'g ■ 

.51 46 

263 07 

1813-5 

16 57 E. 


1 . 6 -i) «. 

79 2 H 


7!)-5 

« M . ,1 

'Ijnke Wiuninog 

.51 04 

263 15 

1843-5 

14 14 B, 


14-2 H. 

7!) 12 

,,,,,, 

7!)-2 

ll'IO 

P444,l 

M-10 

of !l(i'dKivor...| 

50 11 ) 

263 17 

1843-5 

« t,«,. 

M.t.. 


78 .■i;i 


78 -(l 

14-11 

,,,,,, 

1 . 1-11 

Tijilci* \\’inMi])rip 

51 3(> 

283 18 

1844-0 

1843-5 

15 42 «. 
15 30 B, 


16-7 B. 

15-6 B. 

7!) 0(1 
79 05 


79-1 

7!() 

14 -'10 


IIMO 

Lake Winnipeg. 

80 27 

263 22 

0 04 B. 


14-13 


M-13 

Lake Winnipeg 

50 28 

263 25 

1857-5 

14 25 B. 

1 00 E. 

16-4 E. 




9 M 9 * 9 

I..M. 



Whitefall Portage 

64 24 

263 31 

1843-5 

17 32 E. 

0 04 K. 

17-6 K 




, , , , , 

1.1-16 

t « 9 9 1 9 

14-1.6 

Fort Alexander 

50 37 

263 30 1 

1834-0 

1844-0 

M 14 B. 

0 08 R. 


78 ,64 
78 67 



14-41! 

9 9 9 f 9 9 


Lake Winnipeg 

61 04 

263 3!) 

i 1841 0 




79 32 


70-6 

14-52 


M-.62 

Piuaway Portage 

80 12 

203 57 

1813-5 

: 12 'JS a 

0 05 13. 

12-9 B. 


j 



♦44444 

414444 

Windy Lake 

54 37 

263 58 

1843-3 




81 .67 

j 

83-0 

14-16 


M-16 

Holy Lake 

64 61 

264 1 4 

1843-5 

14 63 B. 

0 06 i!. 

15-0 B. 



Slave Portage 

50 11 

264 23 

1843-5 

78 57 


79-0 

14-13 

4 t f • 4 4 

M-i'ji 

Oxford House 

54 5(1 

264 30 

1843-6 




82 39 


82-7 

14-21 

4 4 , 4 4 4 

M-21 

Knee Lake 

61 61 

261 49 

1 8 111 *5 

U 21 K. 

0 0.5 E. 

0 07 b. 

14-5 K. 

12-0 B. 





Winnipeg River 

60 10 

261 51 

1841-0 

11 iii) n. 



,4M,* 

U -21 

4*4441 

4 « , 4 « 4 

M -21 

At sea 

64 43 

278 28 

1846-5 

'!13 30 w, 

,1 

13-6 w. 

1 

8 .') 47 
83 02 


83-8 

88-0 

13-84 

13-7!) 

13-81) 


13'8<t 

13-79 

13-80 

At aca 

53 57 

27H 30 

1.846-6 




At sea 

53 42 

273 61 

il8tl)-5 

!' 12 48 w, 

j 

' 12-8 vr. 


444441 

At aca 

63 24 

278 54 

1816-5 


82 20 
81 30 


83-3 

81-6 


Moose Factory 

51 16 

279 04 

1846-5 

1 12 40 w 

.| 0 20 e. 

12-3 ft. 


14-12 


14,444 

M-12 

At sea 

53 10 

279 12 

1846-5 

:;i 2 30 w 

i 


12-5 \Y 

1 


f 44 M • 

4 4 4 4 4 4 

•M44, 

414444 

Onshore 

.51 1H 

279 16 

1846-6 

10 55 w 

. 0 20 E. 

10-6 ft. 

10-7 ft. 

12-7 ft. 

'HI 02 

; 80 .69 

1 


81-0 

81-0 

14-07 


14-07 

At sea.,. 

61 32 

27!) 26 

1846-6 

1 846-5 

10 41 w 
12 40 w 



At sea 

51 17 

27!) 34 



* 4 14 1 4 

4I4«14 


At sea.,. i., 

62 20 

279 43 

1846-6 


81 49 

i ,,•••. 

81-8 


444,44 

♦ *4 I 4 , 

Bay of Seven Islands, . . 

60 13 

293 35 

1831-5 

23 34 w 

. 0 55 w. 

24-6 ft. 


4 44> 4* 

444444 

,,•444 

S • N 1 k ^ 

MoisierEiver 

60 11 

293 55 

1831-6 

24 08 w 

. 0 56 w. 

25-1 ft. 



4444,, 

• 44f •* 

t4«f *4 


At sea 

60 04 

296 41 

1 1842 6 
■ 1831-5 

1 24 24 w 
1 25 30 w 

i 

34-4 ft. 

36-4 ft. 

79 46 


in 




Mingan Harbour 

so 17 

295 58 

.! 0 .66 ft. 


1 




At sea 

, 60 02 

296 34 

i 1842-5 
! 1832-5 

: 28 36 ft- 
•j27 31 w 

. 

38-6 ft. 

28-4 w. 

7^43 

♦ •MM 

m 

‘ 



BalAewa Harbour ... 

50 14 

296 49 

. ()!50w. 

• • « 1 4 , 

1 

1 



Nabosippe Eiver 

60 14 

297 48 

18.32-5 

128 08 w 

. 0 60flr. 

39-0 w. 







KegasbkaBay 

, 30 11 

298 44 

1832-6 

28 47 ft 

, 0 50 w. 

39-6 ft. 



M,.M 




Head of Hamilton M 
■ OapeWliitUe, 

. 63 32 
. 50 11 

' 299 51 
299 52 

1860-5 

1832-5 

39 03 ft 
29 22 vv 

: 1 30 E. 

. 0 50w. 

37-6 ft. 

30-2 ft. 

79 66 


79-9 


4*4. ,4 


Little Keccatina 







, 60 33 

300 43 

1833-6 

29 33 w 

. 0 45w. 

30-3 ft. 




k 1 ■ 1 * P 



Great Mcooatina 

. 50 4kl 

' 

300 59 

1833-5 

30 00 ft 

. 0 46 w. 

30-8 ft. 



■ 

1 

* 



I’ rauKiiiu 
LolVoy, 

IjoIVov* 

lit'IVny. 

lO'i'Mlklill, 

Ivt'IVoy. 

liOiVoy, 

►SinipHon. 

Ijofroy, 

Id'lVoy, 

LolVoy, 

l^ifroy. 

Id'iVoy. 

LolVi^y- 

Ijt'lVoy. 

lit'iVoy* 

I^olVoy, 

jjofroy* 

liOlVoy, 

lit'IVoy, 

I ji'lVoy, 
lit'lyoy. 
IjoiVoy. 
Lt^lVoy. 
IjoiVuy. 

l*nlIiHor, 

iR^IVoy* 

Hiujk. 

LolYoy, 

TiolVoy* 

Lofruy, 

Tx^lVoy. 

i‘Jt^froy. 

I^<^rroy» 

Ix^lVt^y, 

iitsiVoy* 

JitJlVoy# 

Mooiu 

Motms 

Moorot 

Mooihj. 

Mooro. 

Mooro, 

Kooro* 

Mooro. 

Mooro. 

Mooro. 

Buy/ioW, 

Bayilold. 

Ijflftoy. 

BuyMd, 

I^lroy. 

BttyfleJdi* 

Bayllold. 

BAyftoia. 

'>Wlii>toTc. 
: Hiiyfirld, 
JJiiyliokl. 
[Ukiyliold. 
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ZONE IIL-Lat. 50“ to 55° N. (coiitinuecl). 


Stations. 

Lat. N. 

Long. E. 

Date. 

Declination. 

Inclinalion, 

Force in Binliah unils, 

Obsei-vors. 

Ob- 

served. 

CoiTection 
to Epoch 
1842*5. 

Corrected. 

Ob- 

served. 

Oor. to 
Epoch 
1842-5. 

Corrected. 

Ob- 

(^or. in 

■i . " 

Oovrct'M. 


0 / 

0 / 


0 / 

0 / 

0 

0 / 


a 





Eigoulotto 

54 11 

301 35 

1860-5 

41 09 w. 

1 30 n. 

39-7 ff. 

80 05 


80-1 




M''CJliiil(ick. 

I'lfirhoMr. 

.51 16 

301 47 

1834-5 

31 15 w. 

0 40 w. 

31-}) w. 







Bayfield, 

1, Ji. » ! ■ 

.il 22 

302 06 

1860-6 

40 3!) w, 

I 30 E. 

39-2 w. 







M*’01iiiioc!c, 

1!, II;, •;■!). 

.il 27 

302 33 

1834-5 

32 00 w, 

0 40 w, 

32-7 AV. 







Biiylield. 

Bradoro Harbour 

51 28 

302 45 

1834-5 

32 30 w. 

0 40w. 

3;{-2 w. 



...... 





Buy Held. 

Forteaw Bay... 

51 28 

303 03 

1833‘5 

32 26 w 

0 45 w# 

33-2 w. 








O-.-.T-V'.d 

51 24 

S«3 26 

1833-5 

33 30 w. 

0 45 'K, 

34-3 vf. 







j iay iieii i. 

!!■(! !:. v 

.»I 44 

303 34 

18;t5-5 

31 30 w. 

0 35 ff, 

35-1 ff. 







l!ayli('l(l. 

Il'.v 

.)L> 00 

301 0.9 

1835-5 

35 30 w. 

0 35 w. 

361 w. 







Biiylii'ld. 

Oape iSt, Lewis 

52 21 

304 21 

1835-5 

37 30 w. 

0 35 w. 

38-1 V. 







BHylicld. 

At sea 

54 00 

316 24 

1816-5 

44 00 w. 


44*0 w. 







'11 r 

At sea 

52 28 

321 12 

184()-5 




76 18 


76-3 




Moore, 

At sea 

52 17 

321 45 

1846-5 

39 18 w. 


39-3 w. 





M 001*0. 

ann 

51 47 

325 00 

1846-5 

37 40 w. 


37-7 w. 

75 11 


75-2 




Mdoro. 

Moore. 


.;! 33 

325 46 

1846-5 

37 29 w. 



37-5 w. 

74 42 


74-7 





'Mooro* 

“ At sea 

51 10' 

327 09 

1846-5 

37 43 Av. 


37'7 w. 







Mooro. 

At sea. 

50 14 

330 46 

1846-5 

35 55 w, 


35*0 Wt 

73 41 


73-7 




At soa 

53 30 

347 28 

18.53-5 

31 26 w. 


31*4 Wt 





...... 

Motirc. 

. At sea 

50 10 

357 10 

1846-5 




08 34 



IH'OI 


i'6'oi 

10. oa 

Sim ml on. 

At sea. 

50 17 

357 26 

18-40-5 




\fv ti‘1: 

08 48 


uo u 

68-8 

Hi 

10-29 


Muoiu 

.U 

I50 40 

358 25 

1830-5 

26 15 w« 


26-3'iv. 


* 

lU 4*1 ' 

.Him 

.I’,..':-; 

,iO 44 

358 52 

18;i0'5 



68 33 

! 


68-6 

10-23 


10-23. 

Krmim. 


3t 
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GENERAL SIB EDWARD SABINE ON TERJ4ESTRIAL MAGNETISM. 


ZONE ly.— LATITUDE 55° TO G0° N. 


To this Zone ’belong tlie Stations (89 in number) comprised between tbo latitudes of 55° and G0°, forming 
part of the Magnetic Survey of the Bi’itish Islands, Phil. Trans. 1870, Art. XtV. It has not hcou deemed 
necessary to reprint those Stations in this communication as they may bo so easily referred to. 

Hmstcon, I^e, and | Mag. Bcob. (Christiania, 1803). 

Danish Omcera . , J 

Lamont Mag. Enters, in N. Deutschland, &c. (Miinchon, 1850). 

Rudhorg Pogg- Ann. xxvii. 5, 8. 

Eosmin, Diichson, i Office, received from Professor L. S. Kiimts!. 

L. S. Kamtz . . . . J 

Humboldt Asie Centrale, vol. iii. 

Eedeiw Received from M. Struve. 

Erman Boise um dio Erdo (Berlin, 1841). 

Kupffer, Eritsohe, 

’Wild, Rikats- . Report, fiir Meteor. Baud I. Heft 2 (PcterBbui'g, 1870). 
ohoff, Simonoff . . , 

Belavcnotz Proceedings of the Royal Society, No. 127. 

Sawalicf Mem. do I’Acad. Imp. do St. Petersburg, tom. x. 

Fuss, G. von Mem. do PAcademio Imp. do St. Petersburg, tom, iii. 

Liitko Mom. do PAcad. Imp. do Russio (Loiiz), 1834. 

^^Crane | MSS. in tho British Hydrograidiic Office. 


Moore MSS. in Magnetic Offico, roooivod from Admiral T. ‘E. L. Mooro. 


Belcher Sabine in Philosophical Transactions, 1841, Art. II. 

Lefroy Contributions to Terrestrial Magnetism, No. YII., Phil. Trans. 184(5, Art. XYII. 

Franklin, Back .... Philosophical Transactions, 183(5, Art. XIX. — lournoys to the Polar Sea, 1819, 1827. 

Simpson .Disoovories on tho Coast of America (London, 1843). 

Blakiston Proceedings of the Royal Society, January 7th, 1858. 


Officers of the ^ 


iruitod Staton 
Coast Survey . . 


I Annual Yolumos of the United States Coast Survey. 


Ross !irSS. in Magnetic Office, oomniniiicatod by Admiral Sir J. C. Russ. 

Pany and Sabine Philosophical Transuc lions, .1819, Art. X. 
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ZONE IV.—Lat. 55° to G0° N. 


Stations. 


LatN. Long. E. Date. 


Declination. 

Correction 

aerre'd toEpocli Conwted. 
served, 


luclinution. 


Force in Briiiflli units. 


Cor. to Cor. to 

cmnri"ri Oorre(ii.c(l \ Epodi Corrcciccl 

1H42'5. 18.12-5. 


Observers, 


0 1 0 t 

Floltkerue 58 05 8 01 1844-5 

■Kolding 55 27 9 21 1824-5 

Heggen 59 54 9 52 1825-5 

■ Aalberg 67 03 9 66 1824-5 

Johnsrud 69 58 10 23 1825-5 

iCluistiania 69 55 10 43 1842-5 

Corsoer ’. 55 20 11 07 1858-0 

T'-:--’ --V- '’-I 10 11 23 1828-5 

\ ■ 42 11 51 1842-5 

'Xangoianaa luo 35 12 08 1828-5 


■ Wenersborg 

Copenhagen 

. Oarlstad 

Mariostad 


58 22 12 22 1828-5 

55 41 12 35 1 


18 36 w. 
16 25 w. 

19 40 w. 


0 00 
1 17 w. 

1 10 E. 


18 42 w. 1 10 b. 


“'“'' 1 1858-0 15 12w. 1 17w. 16-5 w. 

59 23 13 30 182.5-5 

58 42 13 63 1828-5 


71 39 +0 03 71-7 

70 50 -0 27 70-4 
73 47 --0 25 73-4 

71 27 -0 27 710 
73 23 - 0 25 73-0 

71 45 0 00 71-8 

69 36 +0 23 70-0 

72 29 -0 21 72-1 

71 05 0 00 7M 

71 46 -0 21 71-4 

71 -14 -0 21 71-4 0 

60 50 0 00 69-8 1 

69 28 +0 23 69-8 

72 33 - 0 25 72-1 
71 42 - 0 21 71-4 


10-50 1050 

10-56 -0-03 10-53 
10-98 -0-03 10-95 

10- 22 -0-03 10-19 

11- 05 - 0-03 11-02 

10-75 0-00 10-75 

10-38 +0-03 10-41 
10-57 - 0-03 10-54 
10-52 000 10-52 

10-57 -003 10'54 

10-53 - 0-03 10-50 
10-41 0-00 1 

^.0-03 

mi) -im KHio 
10*51 -im 10*4« 


Danisli Odiccrs. 

llanHieiMi, 

llaiiHleou, 

IfinKsloen. 

IJmiNtoou. 

llmiBloon. 

Lmnoni;. 

IhinHtoon, 

llnnsieeti. 

Ihnmimi. 

iraTiHfmu 

IJanHioon. 

Linnotit, 

IhniHlmu 

IJaiiHlooii, 




..155 26 13 56 
.. 38 14 08 
. 35 14 23 
. 33 14 30 


1824-5 

1828-5 

1828-5 17 41 w: 
1828-5 17 26 w. 


1 10 b, 
1 10 b. 


16-5 w. 
16-3 w. 


70 13 -0 27 69-8 

71 43 -0 21 71-4 
71 34 -0 21 71-2 


10-51 -0-03 10-48 
10-41 -003 10-38 


It’i-icliHon. 

llnDHlcm. 

llnnHtwn. 

lliinslivai. 


Motala 58 36 14 57 

Oi-rVo'- '59 17 16 13 

1=1,::. i i-.-.- .’•'< 24 15 41 

Noi-i'koping 158 36 10 11 


. Stoekliolra . 


59 20 18 03 


Sandknig 55 42 

Ai-cnabnrg 58 15 

.Kohbit 58 20 

Werfloi- 68 35 

■ Povnau 58 22 

■Eowal 59 35 

Nawast 58 35 

Kai-dis 58 51 

tTellonom,, 68 19 


. Doi-pat 


1828-5 16 38w. 
1830-5 

1828- 5 

1828-6 

1830-5 14 64 IV. 
1833-0 I4 58vy. 

1842-5 

1851-5 ...... 

1829- 5 


58 23 26 43 


1837-5 
. 1850-5 


Petoi-sburg.,.,.. 69 56 30 19 


PehMbui-g 159 571 31 02 1870-6 

I’oiiu-riiiiio 59 20 1 31 16 ' 1828-5 

Kovgoi-od ‘58 31 : 31 19 1 

EiiMlKiio 158 07 1 32 43 ^ 1830-6 


Waldai 


.57 56 33 1.1 


- f 1828-5 


’ 11830-0 
1 ! 1828-.-, 


Wololsdiok i 57 37 1 3-1 40 i \ j J-Jil 


Tor.t(i1iok 
Two.- 


.57 02 ; 35 03 1830-5 

■rr M •(- r-f 1H28-S 
.,d0.)2| I - isoj.r, 


I 


9 01 ff. 
8 60 w, 
8 29 w. 


1 24 b. 
1 00 B. 
0 30e. 


6 48 w. 
6 41 w. 


6 18 w. 

2 20 w. 
2 05 w. 


6 21 ff. 

11 6 26 w. 


I iid tv 


13-9 w.l 0 


71 66 -0 18 71-6 
71 2-2 -0 21 710 
71 27 -0 21 71-1 

71 45 -0 18 7V5] 
71 40 -0 14 71-4 
71 22 0 00 71-4 

71 14 +0 14 71-5 
09 40 -0 20 69-3 

70 51 +0 09 71-0 

71 09 +0 09 71-3 

69 32 -K) 09 69-7 

70 36 +0 09 70-8 

70 50 +0 07 71-0 
70 41 +0 07 70-8 
70 17 +0 07 70-4 
70 10 +0 06 70-3 


10-63 - 0 03 10-60 
10-35 -0-03 10-32 
1043 -003 10-40 

10-62 -0-03 lO-SO'l 
10-32 I - 0-02 io-;;o| 
10.17; o-iio io-.> 7 , 
10-56 +0-03 l()-59j 


7.g^_70 46 -0 13 70-5 L„.g 

70 51 +0 10 71-b. 

71 06 -0 18 70-8 \ 

71 18 -0 18 71-0 
71 12 -0 17 70-9 

m™ n 10 -0 13 71-0 I 
^^"'•71 00 0 00 71-0 
70 46 +0 31 71-3 
70 46 +0 33 71-3 
70 15 -0 34 n-3, 

70 39 ;-n ,-(5 ,'l-.' 

71 III -0 i; 711-7 
70 -i'! I'i 7" 2" 

70 3.; -0 i-.i 70-3 
70 39 1-! 711-4 


10-119 -0-01 10-38 
10-14 -0-01 10-13 
10-36 -O-OI 10-36 
1032 -0-01 10-31 

10-35 0-00 10-35 

10-29 0-00 10-29 

10-39 0-00 10-39 

10-46 0-00 10-46 


" 10-60 -0-0:!; 10-58' 
:-IO-(i(l :-0-02! 10-61 


lIimHiivn, 

IIiuinIoti, 

Unnsli-eii. 

Hniisk-eii. 

ITiitmlt’mi. 

Iludbwg. 

JhuiNloen* 

lliimluildt, 

Kiiiniz, L. S. 
Kiltnt/if L, H* 
Kiitnk, L. 
KilinU, h iS. 

Tvilinl./, Ti. S. 
Kiiintx, Tj, H. 
Kilniix, L. 8* 
Kiirrit'X, Tj, H. 

irihnix, L S, 

I^Vclorow, 

iStruvo^ 

Kiimtx, n a 
Fnmm, 

TlniiHleeii, 

' [[iinilv.ildl. 

• 1 -61 

, (.lli.-i-niiim-y. 
KHlaeho. 
Wild. 
EikalsolieE 


!i !'7 ' 1I-97 Bolavonote. 

10-67 : 0O;i iii-(i.i El-man. 

10-77 O-c;! IO-r.’i1 wi.»r - lb-man. 

;. 

lii-i;:i -O'il' iiti::> llknstcon. 


^i9 .-.^Lo 1(1 69-7i,.„y 10-82 0-02' 10-80', Hriiian. 

: 7" 12 -0 l-l 10-03 -OO 2 IO-III , llimHiw'n 

\ i;!i .'*2 -n 15 ii!'-6 j •! ll)-60 0-02 +0-04 ■ jii.pj' Urniaii. 


j 7" 01 13 69-sJ 


i 69 25 !-0 13 09-2 1077 

I 68 3-2 -0 14, 68-;|-1 .... j 10-49 
i CS 28 j+0 25; 08-9 ; 

I- I i I 


1 : 1077 '-0-02 10-75 


flMiblecn. 

B'lnisl'vm, 

Ernmn, 


3i2 
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ZONE IV.— lat. 50“ to 00° N. (coutiimed). 






Declination. 

Inclination. 

Eoroo in Hritiyh uiiiiH, 

Stations. 

Lali.]S'. 

Long. E. 

1 

Date. 

Ob- 

scmil. 

Oovvcciion 
to Epoch 
1842-5. 

Corrected. 

Ob- 

sotval. 

Cor. to 
Epucli 
1812-5. 

CorrceliOfl. 

01)- 

aoi’vi'iL 

CVir, k) 
Epocli 
18-12-5. 

Oormilotl. 


. Moscow 

/ 

,i,‘ 

■' i ■' ■ 

1 ' . ■ 

' . .1 

' -1 . 

1 ^ i 

1 ■■ 1 . 

. ;'l 

. J.) * 

^BogoroOsk 

■ ■ ■■■ 
I'l" 1 i 

■,v !■ 

Ill 

1 ,■ 

1 «■/ 

• r 1 ■' 

■> ; ^ 
j 1 ■ 

1 ! 

IPIatowa 

*’■'» 

I 1 



■ - 

* Vologda 

.'.I : : 

i'!.' .1.' 


■'! "'il . 

;» i-J 

Dmitrewsk 

, ■! Ill 


1 ' .1 1 



lOTorstsfrom Siidogc 

■ ■■ 1 1 

■■■• . 1 

' ' '' ■ 

I'l 

•1 

! 

Murom 

• I '.ii 

"! ■ 




Osablikowo 

.■ ■ 


■ S hi 

'• .1 . 


Toplaia 

55 27 

50 09 

42 49 ^ 

Isiio-s 

1828*5 



D.V'.k!n J 

43 34 { 
f 

0 23 k. 

1 20 K. 


1828*5 


1 ( • • 0 t 



1828*6 

0 5;} Id, 

1 29 K. 

NiBlineiNovgorod...... 

56 19 

43 57 1 

1828*6 


' M . 



1 

1807*5 

4 39 k. 

2 3(5 w. 

T.-cliiiguni 

50 OG 

45 40 [ 

1828*5 

1 27 m. 

1 30 m. 


1828*5 

1 1 . 1 1 

*t n, 

Angikowa 

iin 44 

48 09 1 

1828*5 

1828-5 

1 37 m. 

1 29 K. 

• ••mi 



/ 

1828*5 

2 22 k. 

1 32 m. 




1828*5 






1829*5 






1830*5 



]\ii?an 

55 48 

49 07- 

1832*5 

2 34 k. 

0S9k. 



1841*5 

3 24 k. 

0 00 m. 




18-425 






1850*6 


^ ♦• • • • 




1807*5 

0 05 M. 

2 31 w. 



\ 

1869-5 

6 12 k. 

2 43 w. 

Mitiosebka 

56 13 

49 55 [ 

i 

1828*5 

2 43 r. 

1 35 K. 


1 .S2S*.') 



MM ' 

50 40 

50 38 j 

,18285 



Koiil 

; \m'i> ‘! ;*) m 1*;. 

1 ikl r.. 

57 12 

57 33 

51 25 ' 

1828*5 

1828*5 
1828 5 . 


Suri 

53 01 


! IM... 

Dubiwa ' 

57 *12 

51 30 

11828*5 ; 
1828*5 ; 

1828*5 1 
18300 

0 00 j:. 

.... 

1 141e 

1 Mi»M 

Ooliangfc 

57 47 

55 09 



iflttinatowa 

55 36 

51) 00 



ICultavka 

57 57 

50 08 

f 

1 4 j 

18285 

1828*5 

f\ -to 

1 A,i r» 


6 21k. 

1 44 *R. 

Pi'nii 

58 on 

1828*5 1 

6 04 V',. 

1 1 41 K. 


lie 

uu M ■( 

18;i()*5 1 


Jiinygi 

57 *12 

[ 

50 30 

IW)7-5 ! 
18285 ! 

tid M. 

() !iti }:, 

i 2 2-1 V. 

\ 1 '43 j:. 

Kryksowo 

|67 34| 

j 

50 37 j 

IqsS 5 11 I) Id K. 
1828*5 . |j 07 E. 

I 43 K. 
I43i;. 

Api’clowa 

55 44; 

57 00 

1830*0 ; 



' Dnikowa < 

1 

60 53 

57 20 f 

1828*5 ' 
1828*5 j 

7 11 K. 

7 03 K. 

1 *121.:. 

1 42 ji 

Miisiiiiutowa ■ 

55 3tl ' 

58 05 ‘ 

) 830*0 


ICenowril^Hu i 

50 50 ' 

58 44 

1828*5 * 

() r>o li, 

1 ‘13 k. 

SuLkiutkoi i 

1 

55 08 ' 

i 

58 58 

1 

1829*5 i 

i 



I / 

I r 

I .• 


■I-' 


■t II 


';«!!•. }V8.. 
2’4 B. ] 

2-2 H. 

2'Ofl. 




3'1 li 

4 *4 • • 


.‘M R. 


3-0 K 
3’5 li. 


3'5 K. 
3'5 B. 

4'3b. 

• ^ 4 # 

6'7b. 


3-7 K 


4*3 b. 
6*7 n. 


U.7j 5, 
• Mi# J 


!■ !;; 

II ,, 

ii ■».. ■■ 

I* 




I ■■ !• ,1- 


77 K. 


He. 

8*1 B. 1 

; 7-3i:. 

I 

! 7-2 K. 
i i'lK.- 
7 J) J5. 1 wo 
I 7*8i.:.j 


\ 0.0 

8*8 B. 

8 'C u. 


•* '• 


■.i .1" 

!.• 

J Ct 

07 fiO 

68 . 0 !) 

08 35 
08 41 
08 33 
08 45 

08 30 
08 3!) 
08 35 
08 35 

08 21 
08 27 
08 27 
08 20 
08 2*1 
08 22 
08 20 
08 31 
68 27 
08 40 

68 46 

/Mf rit 
i; 

08 5'l . 

00 22 - 

70 ;!0 ^ ■ 
70 30 ! 
00 

0!) .’lO ■ 

70 13 
08 10 


70 02 
! 70 0!) 
I* O'l 54 


■■ I : ii 

" I . I" ', I 

' ' ' "I I ^ 


I- ;i 

n-; .1 

ii ■ 1 1 I * , 

■■■•I i .. , 

> i**;-. 


1 1 ' I , ■ I ' J 


i; 1 1 

-0 lol 

-0 11 
-0 11 
-0 11 
-0 11 

? 

-0 10 
-0 1(1 
•0 10 
-0 10 

-0 08 
-0 08 
-0 07 
‘0 Olil 
-0 05 
0 OOl 
0 001 
-0 01 
-0 021 
-0 02 


(nt 1 I 

07-8 ■ 


1 


08*8 

08-5 1 
08*4 l08'5 

‘n 

08*5 r'”"' 
OH'4 I .... 
Ii8.4j<>»’'^ 


08'2 

OH'3 

08*3 

08*3 

08'3 

08*3 

08**1 

08*5 

08*4 

OB’C 


08*4 


■0 08 
() (ti! 

i| I . ■■ 

-i> o.< os ;' 

0 07 i:!>2 


K1o87 

(!H*7 II 


■0 07' 70-;?' 

II o;! ;iK-. ' 

0 III! Oli'S . 

■0 DO. OO'S ■ ■■ 


-0 00 
-0 05 


-0 00 
-0 00 
-0 05 
-0 17 


I 70 24 

!> I 

|l70 01 i-0 05 
0 05 


i; 70 03 
ii 

fOH 31 
;;0!1 .50; 
|i09 51 ! 
;i 08 18 j 

(iriis 


-0 05 
' 0 05 


70*1 

68*2 


OO'.')" 

701 

0!)-H 

70*1 


700 


*’'’’*'1 70*0 

70*0 j 

C8*l 

00*8 1 J, 

0 () 5 i OO-H'I " 
-0 04 | 68-2 

■ 0 oirii?'? 


in I'lU 

■ (rl,*! 

'** J 

10*73 

- 0*01 

10*72 

I 0 *!l.l 

- 0*01 

10*93 

10*71 

- 0*01 

10*70 

10 *i )2 

- 0*01 

10*91 

10*77 

- 0*01 

10*70 

U *02 

- 0*01 

ii*on 

10*94 

- 0*01 

10*93 

11*03 

-001 

11 * 10 ' 

10 * 9-1 

- 0*01 

10 * 93 , 

10*92 

- 0*01 

10*91 1 

10*90 

- 0*01 

10*89 

10*<)2 

♦ Ml.* 

- 0*01 



10-91 

• ♦M*# 

10*85 

* 04)0 

• «MM 

10*85 

li *02 

' 04/0 

< 1 . M 

11 * 02 J 

11*08 

- 0*01 

114)7 

11*00 

- 0*01 

ll '()5 

11*14 

-- 04)1 

IM 3 ’ 

I ll-i,' 

-0411 

11*10 

1 

0410 

U '30 


()*(M) 

11*191 

II'::‘!i 

0*00 

11*291 

ll *;!7 

0410 

111*271 

ll*;i 7 

O'OO 

:ll' 37 j 

11*44 

0*00 

11-44 

11-20 

• •MM 

0-00 

11*20 

11-29 

0 * 1)0 

11*29 1 

!ii-.I 2 

li 1 

0*()0 

1 

1 

11*421 
1 

|l 

S 11*57 

0 -i )0 

J 

li* 57 'l 

;u*-iH 

i 

0-00 

ill**l 8 1 

1 

r ! 

111*32 

(H )0 

11 

, 11*49 
ii ) 1 * 5(1 

04 ) 0 1 11 * 4 ;) 1 
O'OO 11 *501 

j 11*.'!1 

0 * 00 1 11 * 31 ^ 

i li'-ifli 

{)m 

11*39 


10'81 

1(l'83 

mi7 

10*{IC 


IO-Ol' 


11*00 

11-U 

! ii-iM! 

n';)2 


11 -.'lO 


n-i'i 




JluriHUnu 

lllriiiaiu 

Mrnism, 

bVilMalio, 

Mvinniu 

Krttwin. 

lliuiHlmu 

-Mniuiiu 

JlunihohlU 

b’UHH, 

. SiiMiiiKiir. 
SiiiiDiioll'. 

<)l)Hovvalory. 

bVilHuliOt 

Wild 

Knnnju 

i l>!riii:iii. 

Mniifiii, 

1 llai'sici'ii. 
Mnnmu 
llmialcrtL 

Kflunitviii 

UanHUum* 

llnutiticwi* 

■ I'lnDiiii. 

■ ililllhiiMMi. 

: Uaiihln*)!. 

I JliiHi-lroa. 

Ihiiiairf'ii. 

' I'iriiiai!. 
i 

I JImIi.-U'OJ), 

; liiLiialaiU 
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ZONE IV. — Lat. 55° to 60° N. (contiuued). 


Euaclwa 

Zli'iloiis!:.. 


N. Tagilsk., 
N. Turinslc. 


Bogoslowsk 
Newiansk ... 


Otttliorinburg., 


Pitiilowslcoi ... 
NiolmvoBcliowa 

ICyBehtim 

Bt'resowHk 

Woi’olioturio ... 


Bjclaika . 
Sugiusk . 

Tjumen . 


Jujakowo ... 
Ohutarbitka 


Tobolsk . 


Dmjikowii... 

JjaludibiLska 


"I .1' 

58 18 
5,5 08 


57 55 

58 41 


.59 45 

57 24 
. . ..'.'.■'I 54 


TTwafsk 1 59 03 

THlililskma js? 21 

Gi)lo|)uU'Wii i. 5 (i 51 

Tiigalowhk ! 5 !) 4 . 5 . 


56 50 


59 17 
58 49 
65 42 
56 55 

58 52 


56 50 

57 00 

57 10 

57 32 
67 58 

58 12 


: 59 58 
■57 42 


KoLolscliikowi) ' 56 39 

OrJcwii 

.Aj(;\v>kji Wolok . 

Tjukalliisk 

Tam 156 5.1 


...,,16 (10 
...iod 

...■dr) d7 


EiiHolviuiwri 

Mo|ri!u:iia 

Jl'uni'jC'lu.'W.i 


?oki*uW!ilc 

Antosnhkiiio ... 
Kainsk 


d . 


1 ' . 1 . 


: II . : 

! I i . " 


• ■ 1,1 


!■ !■) 
J . !■! 


• •I 11". 
• -•I II : 


5;1 40 
iid 01 
dd 4C 
....iW 41 
,...|55 42! 
.... of) 40; 
27 


59 42 1 

1828'5 

182S-5 

7 57 K 
7 46 K. 

1 48 K 1 

1 48 B.j 

9-7 B. 


70 51 

-0 04 



70-8 J 

70-8 

11-45 

000 

11-13J 

II 

. ll-l.'i 

59 50 1 

1 829-6 
1829-5 

5 25 E. 

1 41 ji. 

7-1 vt.' 

. 7-1 B, 

67 44 
67 43 

-0 03 
-0 03 

67-7) 
67-7 J 

l07-7 

IHl 

0*00 

11-11 
J 

II 

► :■■■! 

II 

69 59 1 

1828-5 

18-29-5 

5 53 k 

1 47 K 

7-7 E.’ 

. 7-7 B. 

69 47 
69 30 

-0 04 
-0 04 

69-71 

69-4 

69-6 

11-50 

0-00 

ll-60‘ 

It 

ll-dO' 

60 00 

1828- 5 

1829- 5 





71 02 
70 59 

-0 04 
-0 04 

71-0 
71-0 J 

i710 

11-73 

0-00 

li-73 

li 

117 : 1 : 

1 

60 00 

1828*5 

1828*5 

9 09 K. 

1 40 B. 

Il-O k1 
J 

.11-0 a 

71 .36 
71 25 

-0 04 
-0 04 

71-.6 1 
71 -4] 

71-4 

11-61 

11-57 

0-00 

(1*00 

11-61 
11-57 J 

11 - 59 ! 

60 05 ^ 

1828*5 





69 36 

-0 03 

69-6 


11-59 

0*00 

11 -.59 


60 23 

1828-5 

5 25 K. 

1 45 B. 

7-2 K 









< i 4 « t » 




1828-5 

7 23 K 

1 45 E. 

9-1 E.'l 


69 24 

-0 03 

69-41 


11-54 

0-00 

11-54 ] 



1828-5 

6 27 n. 

1 45 K 

8*2 B, 


69 42 

-0 03 

69-7 


11-6.5 

0-00 

11-66 



1 829-5 





69 10 

-0 03 

60*1 






60 34^ 

! 830-5 




6-7 E. 

69 19 

-0 02 

69-3 

69-5 




). 11-60 

1832-5 





69 15 

-0 02 

69-2 


« • * » o 


t « * 1 o 



1842-5 

6 39 K 

0 00 

6-7 B. 


69 51 

-0 00 

69-9 



M.ll* 

M..M 


\ 

1867-5 

8 33 K. 

1 52 w. 

6-7 E.j 


70 07 

-0 13 

69-9 j 





/ 


60 36 

1828-5 

8 38 K 

1 52 H. 

10*5 K 










60 40 

1828-5 

6 17 K 

1 no K 

8-1 M. 










60 44 

1829-5 





68 46 

-0 03 

68-7 


• M<l« 

mm. > 



60 45 

1829-5 

« * * * H 




69 13 

-0 03 

69-2 


* 

• M M. 

* « • 1 4 « 


60 46 1 

1828-5 

1828-6 

8 48 K 

1 si K 

10-39 E. 

} 10-39 E. 

70 58 

71 12 

-0 04 
-0 04 

70- 91 

71- 1 J 

71-0 

ii-od 

11-73 

0-00 

0-00 

ll-(i() 

11-73. 

.11-69 

61 .53 • 

1828-5 





69 29 

-0 05 

69-4 ■ 

.69-4 

11-.I2 

0-00 

11-42 

. 11-17 

1828-5 





69 25 

-0 05 

69-4 

11-52 

0-00 

11-52 

63 44 • 

1828-5 

1828-5 

7 54 H. 

1 47 k 

1 

9-7 Kj 

. 9-7 B. 

69 54 
69 35 

-0 02 
-0 (12 

69-9 

69-6 

. 69-7 

11-75 

11-37 

+0-01 

+0-01 

11-76 

11-38 

. 11-57 


1828-5 



■ 


70 15 

-0 02 

70'2 


11-85 

+0-01 

11-86 


65 27 

1828-5 

1830-5 

9 09 K 

1 49 K 

10-9 B. 

10-5 a 

69 45 

70 02 

-0 02 
-0 02 

69- 7 

70- 0 

70-0 

« f »t4» 

1 » * < « 4 

Mmm 

B M (M 

. 11-74 


1867-5 

11 54 K 

1 46 w. 

10-1 B.. 


70 43 

-0 32 

70-2 J 


11-03 

-0-02 

11-61. 


67 06 

1828-5 

9 17 K, 

1 51 E. 

11-1 B.1 

. Il l E. 

70 31 

-0 01 

70-5' 

70-5 

Ib-IO 

+0-01 

11-91' 

.11-88 

18-28-5 

9 14 K 

1 51 K 

11-1 H. 

70 29 

-0 01 

70-5 

11-85 

+0-01 

11-86 

68 00 

1828-5 

1828-5 

9 22 K. 

1 51 K 

11-2 B.* 

1 •••♦*♦ 

[ 11-2 a 

70 39 
70 1.6 

0 00 
0 00 

70(J' 

70-3 

r- : 

; 1 .1 

1 .li 
l.lll 

i:-:. 
II -'.ij 

.11-80 

/ 

1828-5 

9 46 E. 

1 54 B. 

11-7 B.^ 


70 68 

0 00 

71-01 

'1 1 

■ n-.9() I 

-i-0-01 ’ 

' 11-911 



1828-5 

9 44 E. 

1 54 B, 

11-C B. 


71 07 

0 00 

7M 


i 1 1 -85 

+o-or 11 - 8(1 


68 16. 

1829- 5 

1830- 5 




► 11-6 a 

70 66 
71 02 

0 00 
0 00 

70-9 

710 

71-0 

: 11-98 

+0-01 

11 -9!) 

« t «4V« 

Jl-llO 


1833-5 

10 20 K 

1 12 E. 

11-6 K 


71 02 

0 00 

71-0 


f <«!• k 

««4M« 

4 t M • 

i 

\ 

1867-5 

12 23 K 

? 

? J 


71 29 

? 



11-84 

-0-02 

II- 82 J 


68 45 

1829-0 





71 13 

0 00 

71-2 


1203 

-1-0-01 

12-1)4 


68 50 

1829-0 





70 24 

-|.0 0! 

70-4 

1 

|11-.S4 1 

+0-01 

11-85 


69 51 

1829-0 





70 12 

-i-0 01 

70;> 


11 -99 

+1)01 

12-(i() 


69 55 

1829-0 





72 ,-16 

-;-0 Ol 

ri'-5 


1201 

•i-0 01 

12-02 


69 55 

1829-0 

10 52 K 

2 02 E. 

12-9 K 






,,*••• 


* t.M* 


70 43 

1829-0 

10 53 K 

1 56 K 

12-8 K 



t«l4 «« 




«»M«* 




70 45 

1829-0 





70 21 

+0 01 

70-4 


11 •.'«0 

+0*0] 

11-81 


70 55 

' 1829-0 ' 

i 




69 28 

+0 01 

69-6 


Il-.i.-i 

'(Mil 

11-6(1 


71 49 

1829-0 

! 9 15 r.: 

1 49 E. 

IM B. 




* 






72 14| 

'18290 

•9 12 .-] 

j 1 49 B. 

ll-O 


69 57 

+0 02 

70-0] 

70-0 

««r»« 4 t 


M * * M 


1867-5 

11 23 i:.| 

■i’ 

? 


70 08: 

9 

? J 






71 01 ^ 

j 1829-0 

j 9 36 i;. 

1 49 E. 

11-4 B. 


70 28j+0 03 

70-5 


1203 

+002 , 12-05 


74 25 

! 1829-0 

j 

j 




69 28iT0 03 

69-5 


12-03 

+0-02 1 12-06 


71 32 

1 1839-0 ; 
ll82!l-0 : 





69 461+0 03 

611*8 


l:?4i5 '+0*(|2 

12-07 

! 

75 35 





\m 41 1+0 04 1 CyO'H 



+0*()2 

I2U 


76 26 

' 18-29-0 : 





69 43 

-i-0 01 

69-8 


12-11 

+0-02 ■ 

1213 

i 

77 28 

.1829-0 





60 39 1+0 04 

(;9-7 


12-28 

+0()2:i2-:l0 

1 

77 54 

1 18290 






69 33 +0 0(i 

69-7 


120!) 

-i()-(l3| 

12-12 

1 

78 18 

' 1829-0 

! _ 1 





09 36 +0 06j 

69-7 


12-22 j 

-}■ 0'03 ' 

12-25 

i 


lluinl'oliil.. 

Iljiii.'-Iirii. 

Ilmtilmidl-. 

Ilnii.'.fi'cit. 

IlaiiHtoon. 

Jl'ailHiOOH, 

l^rman. 

iriiiiiboldU 

Fush. 

OhHorvtilory, 

.IAmIhcIio, 

iranMietai. 

IJuilHbMU 

Ihuiiboldt. 

iluinboldl. 

Krni:;t!. 

ll.'in.-U'rlU 

Fniiaii. 

'llaiiKbni. 

JlaiiHiwn. 

JCrmatu 

iraimioon, 

ICrimuu 

.Fhhh. 

Fritsclio. 

iriiiij'lmi. 

.lilnMaiii. 

.Ifiiibli'i.'ii, 

Ju'Miaii. 

llanflttton. 

Kvmmu 

Knas. 

Fritflolio, 

ISmau. 

lEatifilioon* 

Hanstcon* 

Mnnan. 

Erman. 

HaiaBtoon* 

Emati. 

HanHtoon. 

Emiuu 

Eman. 

Fwtsoho. 

Email, 

rfftTirincn. 


HUN.'ll. 
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ZONE IV.-Lat. 55° to G0° N. (continued). 


Stations, 


iLat. N. 


0 / 

55 2J) 
55 IH 
55 K1 
^58 54 

■ '.IVciUiluini !5;1 06 


Osinowi Kolki 

Ubinskaia 

■ XnrgaakDubrowa,, 


OwHtsehinikowa 
Tugursk 

Kolywan 

Tiuaakowa 

. Anbarsk 

Bolotim 


OjoBch 

Michailowsohi 


Tomsk 


55 34 
58 40 

55 20 

58 03 
57 30 

56 00 

55 37 

57 00 


56 30 


Long, E. 


O-iiio-wbi 

56 11 j 

llirukiilsk !5(i 2i' 


I’tiiljolnik 

Bogotolsk 

Nuzimowak ... 


.;5(; 23 

56 10 
59 30 


A(s^ln^^71t; {56 10 

KasuIIiti {56 01 

Jbilo Kfuniptilingskiiiii |5(i 06 

inzifciwji ;5!) OS 


Juiiipoiiik 

Krjisnojivrak .. 
Maloi Eantat 


Botoi 

lOiziilscbmsk 

G-rcat Oiii'iusk 


.K'linslt I.'i.idsl flCflfil 


.)S 27 i 

I 

50 01 ' 
56 58 


78 .16 
70 S2 
80 42 

80 50 

81 14 

82 03 

83 00 

83 03 

83 30 
83 33 
83 56 

81 00 
81 16 

85 09. 


85 27 
87 05 

87 11 

88 02 

.00 11 

01 01 


91 00- 

91 46 

91 50 

92 03 

92 11 

92 67 

93 11 


Date. 


1829-0 

1829-0 

1829-0 

18-29-0 

1829-0 

1829-0 
1829-0 
1829-0 
1 829-0 
1829-0 
1829-0 
1829-0 

1829-0 

1829-0 

1829-0 

1829- 5 

1830- 6 
1867-6 

1829-5 

1829-0 

1829-S 

1829-0 

1829-5 

1829-5 

1829-0 

1829-5 

1867-5 

1829-0 

1829-0 

1829-6 

1829-5 

1829-0 

1829-5 

lS;)3-5 


Declination. 


Ob- 

aerrod. 


0 18 b. 

8 59 b. 

9 03 E. 


11 40e, 


8 09 E. 


8 3!)e. 
8 32 E. 

ll’isE. 

8 49 E. 

rliE. 


4 55 E« 

7 OflE. 
7 27 k. 
9 He. 
7 IOe. 

S'SIE. 

6 57e. 
6 37 b. 

6 4.3 E. 

7 2(ij!.i 


Correction 
to Enoch ' 
1842-6. 


2 02 E. 
1 46 E. 

1 47 E. 


1 57 b. 


1 47 b. 


1 51.B. 
1 51 B. 


? 

1 48b. 
i"49e. 


1 59 k. 

1 47 II. 
1 47 m. 
J 

137b. 


55 56 J 

5737 : 

56 10 ! 


1329-.'i 6 06 E. 


93 54 ■ 182 !)-, 3 

.KNol '«29'5 

' ■ ! ■ 1867-5 


1 56b. 

I 51b. 
1 41b. 
1 41 E. 
I 10 b. 
1 47e. 


Pdiii.'ikoisk .“iiS 29 

K'aim-Hcliciak 09 

Alsttlowsk 1 5.5 27 

-Ikhadobiiz ;5S 39 


Eeachomskaia 

Bratskd 

fadunakoi... 

Sehamansky, 

Judorwa 

Boto-ffsk,.... 




Bqjargk 

Datktizk 

Oamoleirakaia 

Sivoliowak 

Botapowsk 

Kirensk 


Itschora 

Iwanowak ...... 


58 58 
56 05 

56 11 

57 14 

58 31 

55 10 

56 16 

66 46 

56 28 

67 02 

57 23 

57 47 

68 30 

58 38 


97 00 

98 32 
98 36 
98 57 

101 14 
101 63 

101 54 

102 27 
102 29 

105 22 

106 57 

105 67 

106 10 

106 47 

107 38 

108 01 


1829-0 
1829-0 
1829-6 
1829-0 
1829-0 
■5 


1829-.-i 
1829-5 
18-29-.) 
1829-5 
1829-5 

1829-5 
182')-5 
1829-5 
1829-5 
18293 
f; 1829-5 
1 1 1829-5 


5 4 1 E, 1 
7 37 E. I 


S 47 b. 


109 35 il82!)-.5 

110 34^ il**29'9 
“ I j 1829-5 


4 50 E. 

5 31 B. 


3 12 1;.: 

.1 ilo [C. I 

3 28 E. I 

4 53 E. 

1 25 k. 


2 M B. 

1 68 i:. , 

i 

0 5aFi.! 

0 57 B.. 


0 59 b.; 
0 23 £. 


1 .36 E. 
1 15 B. 

1 41 E. 
1 30 n. 


Corrected. 


11 - 3 e. 

10-7 B. 
10-8 B. 


13‘6 b. 


9-9 B. 


10-7 B. 
10 - 4 b. 


? 

10-6 E., 

il'-ilH. 


lO-S B. 


6-9 K. 


8- 9 E. 

9- 118. 1- 9-0 K. 

? J 

8-8 38. 


5-5 li 

8-9 B. 

8-3 B. I 

8-4 B. I 8-4 H. 

8-6 B.J 

7-9 H. 


140e. I 7-3i.;.1 ... 

» I 7-3 K. 


1 dSn. 


Hi} 


6- 4 K. 

7- 3 B. 

5-7 1;. 
4-7 K. 


71 301-1-0 20! 71-91 „ 

71 38 -fO 20' 71-9 r' 
73 19 J-0 20' 73-7' 

70 51 l-fO 221 


Indinaiiou. 

.Porco in UvitiBb units, 

ObsorvorB. 

Ob- 

served. 

Cor. to 
E))orh 

C()rro('tccL 

Ob- 

aervwl. 

Cor. to 
E|)oc:li 

CoiTCCtod, 

0 / 

69 37 

0 / 

4-0 06 

0 

69-7 


]2'24 

4-()-03 

12-27 


lljumlioon. 

m 40 

+0 07 

698 


12 - 2.1 

4.0-()3 

1227 


ilaiml-oon. 

69 46 

4-0 08 

(i9-9 


12-18 

+ 0 ' 0 ;i 

12-21 


] lauHtooii, 

72 51 

4-0 08 

73-0 


12-43 

4 -()-o:i 

12-46 


llanatt'on. 

69 33 

4-0 10 

09-7 


11-85 

40-03 

11-88 


Jiniiaiu 

69 42 

4-0 09 

69-9 


12-2.5 

+11-03 

12-28 


iraimtoon. 

72 24 

4-0 09 

72-6 

0 

12-i50 

4(HI3 

12-53 


IlanKU'ou. 

70 06 

-1-0 09 

7 O’- 1 mj.fc) 

12-38 

4()-03 

12-4r 


Prniiun 

70 02 

4-0 Oi) 

70-2 ' ’ 

12-28 

+0-03 

12-31 


H.'iii.-bvii. 






, , 



iliiimtoon. 

71 53 

4-0 10 

72-1 


12-60 

+0-(l3 

12-53 


Duo. 

70 22 

4-0 10 

70-5 


12-36 

+0-04 

12-40 


Duo, 










linniin. 

71 39 

•40 10 

71-8 


12-47 

+0-04 

12-51 


].)uo. 

70 59’ 

4-0 11 

71-2 


12-23 

+0-04 

12-27' 


ISvnian, 

70 4(1 

4-0 11 

71-1 

7M 

12-29 

+()- 0 .l 

12-33 


IIjiii.'jlfHn. 

70 51 

4-0 11 

71-0 

- /I i 




' 1 M 1 M' 

I-’IIPH. 

71 52 

? 

?. 



? 

yj 


bVliticho, 

70 22 

4-0 11 

70-0 


12-44 

+ 0 - 0.1 

12-48 


llanHlooii, 

70 57 

4-0 12 

71-2 


12-48 

+m 

12-62 











JUuihIoou, 

71 12 

40 13 


12.34 

]-0-05 

1239' 


. I'lniiMii. 

71 11 

4-0 13 

71-1 r 




« 1 *. 

II ‘Mil dcou. 

71 06 

4.0 15 

71-4 


12-61 

..f-(H)5 

12-69 


JlilllMlooiU 

73 49 

4-0 15 

74-1 


12-85 

■1-0-04 

12-89 


JlanHliiiuu* 

70 55 

40 111 

71-2 




1 


JOrmiuu , 

71 ()(! 

4-0 16 

71 -'I 

71-3 

12.()1 

•■1-0-05 

12-69 

12(19 

llauHtiMin, 

72 18 

? 

y 


M M » * 

M M * > 

« M * « 4 ] 


■PrilHolu), 





MM*. 

**MM 



JOrmnn, 

71 22 

4-9 17 

71-7 


12-69 

+0-05 

12-74 


JlniiBltfon, 

73 27 

4-0 15 

73-7 


12-79 

4 . 0 -or) 

12-84 


llmmiomi, 

73 24 

4-0 16 

73-7 


12-75 

+0-05 

12-80 


llmmiooit 

70 53 

4-0 18 

71-2 


12-59 

+0-05 

12-641 


itoiiau 

70 67 

4-0 18 

71-3 

171-3 

12-66 

+()-or) 

12-71 

.12-67 

ifniiBUion. 

71 08 

4-0 12 

71-3 

..M,. 


* 1 M** J 


Ftidorow, 



• • ♦ » • 





**♦*», 


llansUm, 

70 60 

4-0 18 

7H1 


♦ mm, 


*•««** 


Errnan, 

72 18 

? 

u 

^ / 1 i 

♦,**», 


> 1 M * , 


I'ViUobo. 

72 .61 

4 O 18 

73-2 


12-77 

+ 0-05 

12'82 


IIjuiHititm* 

71 45-4-0 19 

72-n 

72*1 

12-.54 

+0-0.5 

12-591 


.Priiiaii, 

72 37 


V 

f A A 

12-75 

-0-09 

12-66 J 

i*. !> 

Prilfii'ln', 


73 30 


+0 2l' 


71-2 

74-0 

74-3 


1 31 E. I 5-] K. 

I 34 r.. : 5-0 K. 

139 b. i 6-0 E. 

120e. ; Mi;. 


J 25 b. 
1 24 E. 


73 OOi-t-O 22' 
i 71 3a,-j-0 23 71-9 
j 71 47i-h0 2,3' 72-2 
1 72 .'M '-1-0 23 73-0 
i 73 45 ;-f-0 23' 74-] 
.71 14 -i-O 26 71-7 

.111 j 


3-7 E. 
3-4 E. 


1 26 r. : 2-4>;.) 
1 26r.. 2-4 b. " 


1 23 k. 
1 23 E. 


ij 71 33 1-1-0 26. 72-0 

l.7i"4'9|4i<)'W 72-;i" 

. 72 zO -1-0 26' 72-8 
!! 72 20 ^..0 27 72-8 
73 (W.-i-O 27, 73-5 i, 
■73 15 '+0 27l 73-Gj j; 

73 Ui-H) 26. 73-7 


l;*-/0 ii-di; l2-7(: 

'M!'i LM.i . 
-ilO.', I -I'M'' 
l;!-78 ■•Hi7 12-l.i 

I '. I 

12-99 1 0-01) j 13-05 

12-97 !-l-0-0(i!l3'(J3 
12-89 .).O07;i2-:H) 

12 87 j-| 0-07I12-94 
12-75 -iO-d/. 12-82 
12-69 40071 12-76 ' 

i:;-18 i+O-OM' 13-26 

12-90 ,.| 0-08; 12-98 


a ‘1 J’. « I 

1-8 E. I 


.'Krniaii, 
rtj’tttan. 
Due. 

^ ,l)ue. 

I , , ii Unimu. 

l-J-'Jl +0-08 i 13-00 1 ilKvmuii. 

13-04 ;-i O- 081 13 - 12 ] Due. 

■ 1 I 


12-.S.8 ,4.0-08 12-96 
12-90 j-i-O-OH! 12-!l8 
12, DO 4-0-081 13-0.1 


Eniiiin. 

lJuiiHiuon, 

llmihtccn, 

Ilnimtoon, 

.Entmii, 

Hiinalcon, 

Itanatoon, 

Iltinatcou. 

llmifiteon. 

llunHUicn. 

Knnetcen, 

Ernwn, 


73 31 j-l-O 28,7 4-0 


13-04 

13-11 


,f0-08 13-19 

! j 

13-05 i+O-OBj 13-13 


I, Ermuu. 

I Due. 
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ZONE IV.— Lat. 55° to 60° N. (continuecl). 






Declination, 

Inclination. 

Porco in Brilish units. 


, Stations. 

Lat. N. 

Long. E. 

Date. 

Ob- 

served. 

Correction 
to Epoch : 
1842*6. i 

Corroctod. 

1 

Ob- 

served. 

Cor. to 
Epoch 
1842*5. 

Corrected. 

Ob- 

Borvccl. 

Cor. to 
Epoch 
1842*5. 

Corrcclod, 

Obaorver.s. 


Pav. i.:h:.- .■>!! m; hi :ii 

. 1 !) ->7' Hi* •.!!' 

.'ll* I.V ll.'l Id 




1 

•-'•n 1 .. 


n !:i 

1 22-.. 

iiii r. 


»hi V. , 

! 22 

2-J -v. 


7:1 :»i 

.. N l>< 

711 

i.;-2.» 

n 'i:' 

' i: :>,< 

rid 

]:i±! 


i> 2!) 

:'i*8 

lil'Il 


i;;-:;i) I'lvi!;-!, 

.. !Hi; I, 






. 



7l 32 

0 30 

75*0 

13*2;; 

.-( 1(17 

111'*!') 

I!"!*: .*1. 

Ear;'.!'' 

.1!) .’)( 

111 or, 


1 IJ.T 

1 2h ■. . 

0-3 w. 

71 37 

■ (1 ;iii 

7.1-1 • 

1 : 1 * III 

■(tu7 

131 7 ■ 


Noe' 


117 1 ;; 

l.'''2!l-5 

'2 1' *.. 

I 1-,'-. 

1*1 

;i on 

■ II ;;l 

7■|■.■i 

r.'-!,'-! 

II-IIS 

)3-ii(i 

I)-..*. 

Tl, 

5!^ II 

117 .61 

I8l';Iv 




71 !>;, 

: n ±) 

;!•(» 

i;mii 

- 11(17 

lrh-1 / 

I.i*!. i 1. 

iKiisi 

.“HI !■» 

1 IS .T5 

1m''.i.'i 




/O II 

...Il ;i-> 

ri*2 

ltT*27 

.i.lKi.-l 


l)*.,c. 



5S 

II!l 0*: 

!h2l'-.'. 

0 1 1 -.i-. 

1 i>.-. 

0-0 !.. 

72 53 

:-«» 32 

73-! 

13 - 17 

...iH'S 


Dll,-. 

Chi.;r;,:'! 

:)!i .1!) 

no id 





73 5n 

32 

7.1-.1 

i:i*(«i 

-DUS 


Tli;,-. 

Zitf-.'!; 

,VI M 

i:;2 ;*8 

I82!I-:i 

1 ,v» A.: 

'1 

■1*2 w. 








Och.' 

:>!i 21 

ii:i 11 

1^‘2>.“. 

2 2n ■-■..J 

0 III 

2-0 

70 -il 

: 9 3'*! 

1 1 *3 


(Ml 

12*17 

I!n. ■ 11 . 

Sea of Ochozk 

58 45 

146 05 

1820'6 




69 23 

-t-u .30 

70-0 

12*51) 

tUI-1 

12-70 

|L;*ii.«:i. 

SeaofOcho/Jc 

58 15 

150 35 

1 829-5 

0 35 E. 

0 07 E. 

0-7 H. 

60 08 

+•0 40 

69-8 


t««l 4t 

4 1 f 

Ennan* 

Sea of Ochozk 

58 Id 

151 ,53 

1 829-5 

2 .We. 

0 05 E. 

3-0 B. 

69 04 

-1-0 SO 

69-7 

12-01 

+0-14 

12-15 

ISrnitm. 

Sea of Ochozk 

58 1(! 

157 12 

1829-5 




68 12 

H-0 40 

68-0 

11-07 

+0-16 

12-13 

Ertnan. 

Mouth of the Tigil ... 

58 01 

158 14 

1820-5 

.4 12 li. 

....4. 

4-2 B. 

68 28 

-1-0 42 

60-2 

11-06 

+0'17 

12-13 

iOrman, 

TWlsif 

57 46 

158 36 

1820-5 

4 01 1«D 


4*0 R, 







Rnuau, 

Maschura 

55 04 

158 55 

1,820:5 

3 43 E. 

() 06 w. 

3-6 B. 

66 09 

-fO 43 

66-9 

11-81 

+0-19 

12-00 

Ennatu 

Kosuirowsk 

55 53 

150 34 

1829-5 

5 23 E. 

0 04 ff. 

5*3 R. 

66 53 

-f-O 42 

67-6 

11-74 

+0-18 

11-02 

Ernmn. 

" Trill il'Q^'hnwnlr 

66 20 

160 42 

1829*5 

6 25 E, 

0 03 W. 

6*4 T3 







Evnian. 

Chartachinsk 

6(5 31 

160 43 

] 820-5 

6 95 B. 

0 03 \y. 

6*4 33 . 

68 11 

-h()’42 

(58-0 

11-00 

+0-18 

12-1)8 

ilOrnmn, 

Jolowka 

66 54 

160 54 

1820-5 

6 20 E. 

0 03 w. 

6*3 n. 

67 51 

-1-0 41 

68-6 

l'l-84 

+0-17 

12-01 

Rvumn, 

Kiiruginak 

58 34 

163 27 

1828-5 

6 20 E, 

0 01 w. 

0*3 n. 

60 13 

+0 40 

69-0 

11-01 

+0'17 

12()8 

I/iitb. 

At pe.'i , 

55 5!) 

163 47 

1849*5 

6 14 33. 


6*2 n. 


T.T.,. 




* • f 1 rt 

h ollctt* 

A t 

.“jfi 06 

164 02 

1849*6 

5 51 ji} 


5*9 K 







Kollott. 

At 

56 14 

164 33 

1849*5 

7 38 B. 


7*6 i?i ‘ 






***>•* 


^t soft, 

56 15 

165 00 

1840-5 

6 61 ij. 


0-0 E. 







ICollott, 

^At sea,...,.,,....,., 

67 14 

166 48 

1849*5 

7 58 K 


8-0 E. 







KulloUi. 

At Hfifl 

S3 10 

169 08 

18-19-5 

9 41 15. 


0-7 K. 







ICelletl;, 

At ann 

58 45 

16!) 21 

1819*5 

8 39 R. 


8-7 B. 







Wlotfc. 

■Vi 

■•.0 05 

160 40 

1849-5 

10 17 E. 


10*3 E. 







4 . n t» 

KolloU. 

At '•oa - - 

.6.6 S6 

170 22 

1850-5 

10 14 E. 


10*2 B 







Tfolloti 

At scii 

58 28 

170 52 

1850-5 

11 08 b. 


11 1 B. 




II m* 


• « t k 4 II 

Kd’iiitl;, 

At sen - 

5!) 38 

171 10 

18-19-5 

10 54 B. 


10-9 E. 







KoIlolL 


58 00 

171 13 

1848-5 

9 57 b. 


10-0 B. 







Mott. 

At .aOil 

56 65 

171 18 

18-18-5 



68 05 


68-1 


> i 4 « 4 ■ 

..Ml, 

Mooro. 

At HBa 

55 20 

171 37 

1851-5 




66 06 


66-1 




OolUiiHon. 

A.t flfln,. 

57 60 

172 17 

1818-5 




69 07 


69-1 


1 4 r 1 < « 

,4 « M « 4 

Mooro. 

^At ‘^ea 

169 16 

172 54 

1850-5 

13 11 B., 


I3-2e. 




. a < . . . 

t.a.t* 

MlotL 

At sea j 

!.»: -18. 

ir;i nr, 

1818-5 




08 62 


68-0 


M.4 1 * 


Moore. 

Ar. siKi ! 

A f fitna 

'59 ;;2 

.65 O'l 

17 ;! 12 
173 -'ll 

18-10-5 

1850-5 

10 28 B. 


10-5b. 

(57 02 


6,7-0 

*4444* t 

t*.* M 


Mott. 

OollinBon, 

At sea 

55 ;;i 

173 23 

1 UlfV if 

1 18;10'5 

11 00 j;. 


II-Ob. 


#4 • i 


• 1 i.li. 

Oollinson, 

j 

^t soft........,.; ' 

69 05 

173 30 

1818*5 

i 12 05 1 ;. 


12-1 B. 






«*.<** 

KolM. 

-A.fc 

67 13 

174 03 

1851*5 



67 67 


68-() 

14^44* 

■ * f 4 « * 


CoUinson. 

aVMrf §1# V • V f ■ 

At Sf*A 

58 14 

174 04 

1848*5 



' 

69 17 


60-3 



* .V.«« 

Moore. 

A 1: Jikti 

56 16 
66 Hi- 

174 23 

1850*5 




68 30 


68-5 




Oollinsoai. 

A if 

171 40 

1854*5 



'****** 

67 16 


67-3 




OoUinson. 

At sea 

59 01 

1 174 52 

1818*5 

1 

* ♦ 



60 53 


69-9 




Moore, 

At sea 

66 46 

! 175 38 

1 1850*5 

i 

; 



68 20 


68-8 


»».... 


(Dollinson. 

At sea 

58 57 

' 176 08 

11851*5 

1 1 



68 44 


68-7 



4 ... I, 

Collinson. 

jAt sea 

57 91 

' 176 24 

1854*5 

^12 40b. 


127 b. 

'68 42 


68-7 


• 1 ... . 

« 1 . »*t 

ColIiD.Bon. 

Af. yo'i 

50 }a \ 176 :t9 

1851*5 

ill 46 k. 


H-Sb. 







OoUinson. 

At sea 

58 02 

176 55 

1850*5 


• t» f « * : 

69 52 


69-9 




Colli naon. 

At sea ,, , 
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ZONE IV.— Lat. 65 to G0°N. (coiitimiod). 
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ZONE IV.— Lat. 55 ° to 60° N. (continued). 
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ZONE Y.— LATITUDE C0° TO 05° N. 
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ZONE V.-Lat. 60° to 65° N. 
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75 -19 4.55 70-7 
73 5(1 •i ;t7 7 1-0 
7337 +30 7 1 '2 
7321 -1 3(1 74-0 
73 08 4 37 73-8 
73 1-2 +37 73-8 

72 35 +38 73-2 

72T0 +37 72-8 


711 8 -1-38 71-9 
71 35 7H 


7220 72-3 

70 54 70-9 

72 51 72-K 

71 .50 71-9 

71 62 71-9 


70 52 70-9 

72 58 73-0 


.. 72'4 
.. 73*1 
" 74-2 
75-7 


! I 

• 75 101 .... 


llinmicori. 

1)111'. 

Krnmn. 

Ki-iiiiiii. 

Knnim. 

Kriiiiin. 

Diio. 


13-54 +-08 13-02 
13-30 +-0i) 13-, I, 6 
12-93 +0!l 13-02 


1306 +-0!) 13-15 
13-10 1 -10 13-20 
13-05 +'10 13-15 


13-05 -l- IO 13-15 
13-08, (--I!) 13-17 
12!)l) +-10 13-()() 
13-01 +-1I 13-15 


Duo. 
Duo. 
Ikuiuii. 
I liic. 


1 Wi-inigol. 

01 +10 13-14 13-15 Duo. 


06 +'10 13-16, 
ill 13-2.1 


12- 95 1-12 13-07 

13- 0.1 ■|••12 13-10 
I2-I'I2 4'1^ 12-91 
12-1I2 +'12 13-04 
12l)0 -I’lO 13-03 

12-08 .j.-l2 12-«() 

12-87 -H3 13-01) 

12-17 +-i'3 12*(!(i 


Mniiiiu, 

\Vniii|'i‘I. 

Ki’itiiin. 

Kiisiiiin. 

Wraiif'ol, 

I'll'IllUU, 

I'll'IlUlll, 

I'll-llUlU, 

I0i-)ii,'in, 

Kt'uiiin. 

I'k'iniiii. 

I'll-llllHl, 

Ki'iiinn, 

Kriiiiiu. 

Knimii. 

M(uuu 

Kolloll. 

DiilliiiBim. 

Dolliumm. 

Mikiw. 

Mmii-o. 

DuJlillHOB, 

]W.ii(ii’i\ 

,Ki>llttl.(,, 

Oulliiimm. 

(JolliuHiin. 

IvulldW. 

Luiiko. 

OollillKOM. 

Mooi-o, 

K(lll<j(-.l!, 

Mnoi-o. 

Kollolt 

Moot'o, 

t.'iiiliu.im, 

('ii!Iill::ii|i, 

: lu-iii-K. 

j JT,.i.;-o. 

jCiilliniioii. 
I Koll'-il.. 

• l.ii(l;n. 

!■ Ciill’n-dit. 
jl M’ofjiv*, 
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GENERAL SIR EDWARD SABINE ON TERRESTRIAL MAGNETISM. 


ZONE V.— Lat. 60° to 65° N. (continued). 


Stations. 


Lai K Long. E. Late. 


Declination. 


Inclination, 


Force in British units. 


ObHorvors. 


At sea 63 29 187 28 1848*5 

i At sea 60 15 187 30 1827'5 19 37 a 

' Ongayak ,...64 2-1 187 40 1819'0 

At sea 62 47 187 44 1848*5 

At sea 63 33 187 46 1854*5 22 15 b. 

At sea 64 12 188 05 1850*5 22 62 e. 

.At sea 63 48 188 15 1850*5 

■At sea 62 16 188 38 1852*5 21 06 b. 

At sea 64 12 188 38 1849*5 22 66 e. 

■At sea 64 12 188 52 1854*5 23 2 Ge. 

At sea 62 40 189 1 8 1 852*5 22 17 b, 

; At sea 63 11 189 22 1848*5 

At sea 61 44 189 38 1852*5 22 18 b. 

At sea 64 47 189 47 1849*5 24 58 e. 

At sea 61 01 190 06 1852*5 20 43 b, 

At sea 60 38 190 44 1852*5 20 S4 b. 

At sea 63 14 191 31 1850*5 23 OGb, 


M sc.*! ' 60 .IS I 191 46 

At sea 63 01 192 39 

At sea 00 24 192 40 

At son 04 35 192 57 

At sen 04 34 193 25 

.Uinuilior ili2 27 193 3G 

At sea 63 53 194 00 

At sell 63 30 194 21 

Atsi'a '6102 19.124 

At sea '04 l.-|j 19.1 08 

Atsm 04 23 i 195 39 

.-Vtsca !o;i .')3i 19.1 .15 

At sea O.') -19 ! 196 iiO 


1852*5 22 23 b. 
1850*0 21 56e. 
1850*5 27 09 b. 
18.10*0 26 22e. 
1850*5 

1850*5 24 30 b. 
1852*5 25 11b. 
18.12*5 26 28 b. 
18.10*6 25 32 b. 
1851*0 26 27b. 

1850*5 29 00b. 
1850*5 29flOE. 


;Vii sea ! 

!ni (M| 

\ii7 ^17 


Sortou Sound ! 

: 63 LhS 1 

198 18 

, i'27'.l 

Port Etches 

' 60 21 ! 

1 

1 213 19 

, i ^37-0 

Fort Xorman 

1 64 31' 

235 16 

r 

: 1814*5 

1 1825*5 

.Port Siini)soii 

61 31 

238 35^ 

1 

1 

• I837-.1 
il8-(-l*.1 

Litlle Like 

61 23 

2-J2 1.1 

■ m-H 

Tslaiid 

(il 12 

■J-13 2-2 

18-1 1*5 

rriiv I^ivcr 

.^10 -IH 

2-M -42 

' 181-1*5 

Forii Puisoluliun 

1 

61 10 

24C 15 f 

1833*5 

1837*5 

18-1-4*5 

1 



1 

L 

' IViri“ii.^c { iiTiul Deiou'- 

60 22 

2-17 (10 

' 181 1*5 

Fort. Roliouco ' 

'62 -16 

250.19 

jl8;l4*5 

M'usk-os Jhipld 

iU 33 ■ 

:>oo 2{) 

h«;{4*5 

j\!‘.sea i 

‘ 6U all 1 -jjd 37 

' 1846*5 

At- sou ' 

61 07 i 

•277 10 

j 

1 1 84()*5 

Ar sen 

GO 45 1 

277 15 

1840*5 

Ai sea I 

60 25 ' 

277 18 

1846*5 

At sen 1 

60 26 

277 52 

1 84 6*5 

At sea ' 

'62 20 

278 48 1 

! 18-16*5 

At 6L‘a 

;62 10 

279 50 j 

[1816*5 

At sea 

!G3 17 

281 05 ' 

1846*5 

.'Vt sea 

'63 11: 

282 31 

1816*5 

At fca 

■63 13^ 

282 55 i 

1846*.1 

At sea 

:62 .16 

283 0.1 

i 1816*5 

At .sea 

'6.1 10 ; 

283 10 

; 1846*5 

Onico 

03 15 

28-1 41 

11846*5 

At sea 

163 20 28-1 ,13 

h 8-16*5 

On ico 

!63 14 * 

284 .18 

18-16*5 

At sea 

;G3 12, 

286 01 : 

j 18-13'5 


3.1 53 K. 
33 10 b. 
41 2-1 E. 


58 15 M*.' 


38 54w.j 


37*3 E.] 

37*3 B. 37*2 E. 
3Me.J 


34*0 w. 


59*.l a*. 
5.1*5 V. 
.12*3 w. 


. 38*9 V. 


.18*9 w, 
59*9 tt*. 


86 41 
86 36 
20 
80 07 
',87 01 
!. 8G 35 


i* 86 2.1 1 

' 86 24 
■:86 19 
Ij 85 45 

;| 8.1 34 
||83 4.1 


83.34 

81 51 ? 

? 

81 52 


81*9 

18*84 


82*5 

13*99 


,1 

■! 13-10 
lillMO 
!: l;i*3,'< 

'! 13*60 

ll 1.3*32 
i! 13*60 
ii 13*44 ! 


Mooro. 

Jjiiiko, 

Moore, 

Mooro. 

(tollinfloa, 

ivcllott;, 

Collinaon, 

Onino. 

ivolloLL 

CJollmflon, 

(Vaiio. 

Mooiu 

(‘Irtino. 

KolleU. 

Oruno* 

Omno. 

.IvuUeti;* 

OollhiHon. 

C!nuio. 

tJollitiHou, 

Ki'lloli 

(Jollitmim. 

(-ollinHon* 

IvolhAlii 

tVauOn 

ikmo* 

Kolhil/t. 

(.folliuHOti, 

Kollol-t 

KolleiL 

I'ollhmoiu 

Liltke. 

IJelolior. 


13*63 I^ofroy. 

? ] tafiliiu 

? i 13*84 

i;{‘84 J 

LrIVoy. 


luifm 

ihnk. 


] lilinek, 

I3*!)il;* Mis 

IS'lKlJ jlLelroy* 


Lefroy* 

ItacL 

Ikok. 

Mooro, 

Mooro, 

Mooro, 

Mooiu 

Monro, 

Mooro. 

Moore, 

Moore, 

j Moore, 
I Mnoro. 

I .Mooi'C, 
ii Mooro. 
:! M,ooro. 
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ZONE V.-T^at. 00“ to 05" N. (coiitiiiiicil). 


11 Dooluiatiou. Inolinaiioiu lAn’oo in llritiHh unilH. 

Oorrootion Cor. to (Jov. U) 

, to ]<]])ooli Oorroctcd. . ’i I5|>oo1l CorrontocL i .Upooli ('^oiTociod. 

' • r " • ! ■ ■ ■ - ■ ■ 


Stations. 


Ijoiig, E, 


DooUnatiou. 

Oorrootion 
j to ]<]|)ooli 0 

nm. 


-rl!.. 


■'!- 

•2<- 

F.i 

bllr;i 

.'iS .'iil 



.... 62 17 

•J.'.y 

27 

Irlii-ri 

"iS l'I) 



62 01 

•Js!) 

III) 

bin.') 




62 Mi 

■J.'-;! 

on 

I ■' lll'.'l 


■ M... 


'll 1 

L'MI 

-III 

bi-l.i 

:i| 1!) 

.•■■1 


.... O’- 3.1 


n:» 

l■A|l:■:l 


.. - 1 

... 

.... '!:? 31 

j;iii 


I.v»! .1 

.'i:: ;; ; 



ii:» :*! 

l'I'i* 

;!li 

l;'iil';) 

.'b 2:‘ 



62 13 


!7 

bliJ*.''i 

."i!' Jo 

.- ■■■ 


61 jl 

L':in 

.’l.'l 

blil'.-p 


;i 


62 'll 

.Ml 

"5 

l>li:.i 

lin I'Ll 



i;i j.i 

-Ml 

21 

l.-'lii'.'i 


-1-. .. 




■J;'2 

.Ml 
. Il 





lil 



Is I'l ."i 




II:! 2\ 


;.i 



■-i" .. 


ni :f:. 


i;i 

isii:-:, 




ni 


in 

lS'!lv 




i:i 11 


I:' 


.0' .'•« 


III in '.*ni .‘ill 
i\\ nil i!!m nil 


)>, 'll i,'| 

M .V Ill 111 

\i - M ni ;!i 

\i *1'! «) 

..;i lin In 

I ) i | I iii III ! n *! 

, ii: i'V 1 1 


[)::::■■ 

\. 

A I •l‘J! 

A! -ii-:. 

A: ■■:! 

A I sra 


\- ■■■M iin .v: 

I:;lf: til I" 

o:: n;i 

I'.' 1(1. I" I'll, (i'? I\| 

■1 tl** 'Iii 

*ln nil 

( t :;c! ... dli H* 

^■l:;:‘ll li! l-i 

Ci'iili.AN ii;i Oil 


IS l(i ,t .'l.'i I'tll . 

l}';Mv ;•:! (J V.-. 

l?‘'*l '.'> l.'l 

i:‘ir;':i :i:s v.-. 

ISnl'.i 
in ni .1 .'III 

isii'.* i;i 

hi!i:i i;n 1!'; 

isii'-:» lii i.iw, 

I > 111 .1 •)/ ii.) 

1 "■ ni'.i 'ti> jii 

I •'‘in. I 

ISlil A .- 1.1 Im vv. 

i.'^i'ij .'l.'l in 

i.-Mn.-i 

I;'';ii-,i 0:* I'L* '.v. 


;ii'ii -M ...... 

. . . 

."I'lno i:; 

::i:i .v.) i.-’ci-n 

:ii.i !i is;*!i'.i .pn:;i)n. 

.■!I7 no UjLMm -ill ,">11 w. 

1*11/ I'i;! ^2 «ii n. 

::l"' i‘i ;;(i w. 


! Ii\lli’.i iii M w. 

IS',i . 1.1 

1 1 Umo-S 1144 08W.1 


Thitigrollh* 64 15 

Selflund 6.3 54 


Tliorslmvu . 


Tiorwiftlf . 


'60 45 


1 18.36-5 1 40 08\v.l 
lH:i(i-r) :40 4!)\v.: 
j ! iHoi-.'; I ;jo 50 w.| 
! 1H60-1) I 2!l .37 n-.l 
1 . lH(;8-5 ; 28 .32 


1 i'l ^ 

2ro7>v. 0 22«. 
2;i isw. i 30 w. 
28 .38 w. 1 04 b. 


.'■ I .">2 M O 

M .'lO • 8IH 

o.' 12 I .'•iv; 

yi ■ J'l-S 

Sf) III >:. :i 

M ii! SIS 

M 16 MS 


13-11 

12-38 

1,3-41 


12-26 

1.3-41 


12-01 

!«!!! 1.3-20 


M Ii2 SI-II 

.•3 s::-!' 


S.3 0;i S.3-1 

I-"-’-; 

] I 

s:.' ii: ;--.!-.3 


.... 12-n 


12-06 

12-87 


S2 00 .‘Jl' ii 

SO .3.i - MI-C 

" i-"'/ .„6 

SO ;J!I So-.i 


« »• ( t » II t 

IfMItl 

Kill. tVI III 


'11211-. 

l.-i-l \v. 

44-1 w.J i 

40-1 w. 

40-8 w. 

.30-8 w. 1 
2!)-0ff. ,2!)-7w. 
28-5 w.J 

iti«. • 1 

26- 8 w. [20-8 w.; 

2(1-8 w.J 

27- 0 w. 


#6 .3i I 77-0 ■ 

76 .11 i 76-7 : 

I /I'/ 


76 04 76-1 

76 41 76-7 

tliif* lattii liMii 


ObHorvora. 


Monro* 

Monro* 

Mot ON V 
Mooi’o, 

.Piirry nml .Ifirtlior, 
Monro. 


M'onro. 

Motn'o. 

Varry iiud Eiolior 
Monro, 

Furry nml IfiHlior. 
]Vl.onn). 

.Furry mid 'b'iHlmr 
I'nrry nml .l^’iatmr. 
Monm 
Monro. 

Mooro. 

Furry amt Wmio. 
Furry ami Hulauf 

Furry and Kulmm. 
Monro. 

Moni'o* 

Mnoiu 

Mnmu 

M’nnro, 

Monro. 

M'iT*liiitnok* 

luitm, 

M‘t*linfcook, 

J>uviK, 

M*'< 'lintoofc 
ihmk 
Urmilu 
(Iriudi. 

Gi'milu 

Lottin. 

Cnimiird. 

! I >ji.viH. 

: iF'Clinlniilc. 


!7-t 22 » >-48 1 rn] \ 
7;i 45: ^ « I 7;i (iL7;w; 
;7;i i;ii +32 ; 7;i-7) 

I I 


+'03 \ Mm] I 
, I (Wifi KKO: 


SnhinOi 

ItosH. 

Widrihi 

ViiJiiL 
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GMEKAL SIE EDWAED SABINE ON TEEEESTEIAL MAGNETISM. 


ZONE YI.— LATITUDE 65° TO 70° N. 


Authorities. 


)>Ia BelaYonetz, and in Liitkc’s MSS. above cited. 


Hansteen, Eeilliau . .Result. Ma^. Boob. (Obiistiauiaj 1863). 

L. S. Kiimtz MSS. in Magnetic Office, coinmnnicatod by the Author. 

Lomstrom R. Swedish Acad, of Sciences, vol. viii. (Stockholm, 1870). 

BolaYcnctz Publication in the Russian Language, 1871. 

Gaimard Voyages on Scandinavio (fee., 1838 to 1840. 

Leljehoer Kiimtz MSS., cited above. 

Reinceke In Bolavcnotz, cited above. 

Liitke MSS. in Magnetic Office, communicated by the Author j and in Belavonctz, as above cited. 

Erotoff 

Zaroubine 

Demidoff 

Pakhtussoff . . . 

Ommanney | Hydrographic Office. 

M'^Dougall J ^ 

TunkerandMilnkoff. .Liitke MSS., in Magnetic Office. 

Sawaliof Bull. Phys. Mathdm. do I’Acaddmio Imp. do Russio, vol. iii. 

Wrangel and Anjou. .Ilanstoon, Result. Mag. Boob. (Cliristiania, 1803). 

KollcttaudTrollopo. .MSS. in the British Ilydrograjhic Office. 

Moore MSS, in the Ma.gTictic Office, comnmuieatod by Admiral T. E. L. Moore. 

Collinaon MSS. in the British Hydrographic Office. 

Beochoy, Maguire, | Hydrogiupliic Offieo. 

Rogozino Liitke MSS., iii Slagnotic Office. 

Erman Reise um die Erdo (Borliu, 1841). 

Eedeiw .Communicated by M. Struve. 

Simpson ’ Narrative &e. (Tjondou, 1843), and MSS. m the Magnetic Offieoy comminiicatod by the 

Author. 

Era>)1diu Voyages to Iho, Pnliir Sea, 1819-1827. 

T.o!roy Sabine in Philosophical Timissaclions, l.«-10, .\rt. XYIT. 

I’ac (hriiintiiucatcd hy the Bn'iisli Tlydrugnipliic 0/ii(!(!. 

M. ‘'Cliuloek "MSS. in M-agntdie Olliee, (JominiiriieaU'.d by Admiral Sir J'.(! 0 ]iold .^I'Clintockv 

Back Christie in the Piiiloso|»hi(;.al 'IVausuofions, 183(), Art. XIX. 

Ross (.lames Clark) . . I.Miilosophica] TriiU'^acrion.'i, 183-1. 

Parry and pjsl’.or. . , .Polar Voyage, 18:21-1823. 

Sahine Philosophical TraiiHaelions, 1819, pp. 132-1-Id. 

Bello': MSS, in Magnetic Olace, received !rom the Aullior. 

]i]gleji('ld MSS. in Magnetic Office, received finm .4dm:rM.l Lnglefield. 

H.avcs Sinitlisoniun (Juntriimtionfi, vol. xiv. 

«p ^ 

Allen MSS. in Magnetic Offieo, eomiminieated by the Author. 

Belcher MSS. in l\ragneuo Office, eomraunicii'Led by the Author. 
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ZONE VI.~Lat. 05° to 70° N. 


Doclinaiion. 


Inclnuitiun. 


J<or(io lu .RntiiNli units. 


(!or. lo 
] Kpocli 


Obaorvni's. 


KirlU-jam m Of) 

05 li> 


Ktmrortuando 08 34 

ralnjotmHu. 08 18 

Ct 48 

iv\ I'l’.i !.i 08 07 

l\:i Oo ()l 

UoMHoko]! 00 58 

Turnno 05 52 

Kloxittvara, 07 14 


llwipamitla 05 51 


20 40 l8'lil-5 

21 ;i0 1825*5 


1840*0 10 52 w. 0 15 k. 
1810*5 


Kftvclifl 
TuHola , 


Muouionisoa . 



K-i'.!!!:*.' ■.I'ii . 
'r.'Mn.i'Vi .... 


Uloftbovg 


Worjima Elver 

rlueoljs F.lv 

liny 

WaidH llnj 

A/olokovdiii 

IVovii Ziiiiljlii llnrliiuii' 


KiimliilnW) 

C)i])o M(umMiDry .... 
(’ape Dolirini^in 


Cn])0 .(.Dvislioir ... 


Catltoriiio JlavlKUii' . 
Kbret. Villaffc 


1840*0 

rt.i i/v lH2,)'5 I 

[ IS-lSf, j 

3.'t fiO IH'IO'd I 

23 rd 1 HI 7-5 1 


33 53 IK4(l-« 13 34 w. 0 16 n. 

21 10 '1HI7-5'I 

2rt 3(i IHI/.I ■ 


... I I H2;i ' 1) 33 vv'. 1 46 a 
" [ lHl7-ij 

29 43 IH3()\> I ()30w, 1 6,‘{a 

30 05 lH3(i'6 i 0 30 w. 1 64 a 

30 49 lH3(I-6 6 15 w. 1 54 a 

30 51 1H37-5 

31 31 lH3i! j> 5 2li \y. 1 64 a 

31 68 lH3(!'i) 4 33 w. 1 56 a 

33 03 18365 3 40ff. 157 a 
33 Of! 18335 3 30 w. 2 31a 


ifiO 13, 
I ! 
■60 17; 


IlHOVO II 
■ltf3.1'5 ■ 
lS3fl.) 

1 1 iS .'13 5 
; is/ii-o 
■ 163ii':i 

' 1!;33 5 . 

; IS3I1-,) I 

i is,v_'-r. i 
i is:ti-r. ! 


4 15 «>.' 1 
3 4."i w.: 1 
3 .'.6 IV.' I 

2 43 w. 1 
I 31 r, 3 

3 30 IV.: I 

! 

I 33 w.l 3 
I -lO H',1 3 

4 34 '.V,; l" 


. i "• I 

il"*' ^.1. 


Ivnillmu, 

Keilliiuu 

Iu*illmu. 

Ki'illmii. 

Koillnu!. 

.Keillijui. 

Kitilliim. 

Kmllijui* 

lu'illituu 

Koilliiuu 

Keilliau. 
Kiuniz, Ij. M, 


I” uo I 1 (.10 w. 

iO'S7 1 ' ' r/(miHii*;itii. 


33 45 iHlO'f) 

23 00 1835'3 

33 33 1819*3 

33 33 1810*5 I3 53\v. 0 13 h. 

33 30 1810*5 10 43 w. 0 13 a 

o., .„) 1817*5 

,,ul 18100 K 10 w. 0 16 a 
'‘"I 1H17'5 

• 1835*5 

1840*0 I3 07ff, 0 15 a 

I H 16*5 II 13 w, 0 34 w. 

1040*5 1 

23 40 1817*5 1 

33 ‘10 1817*5 


75 53 +H 76*1 
74 00 -35 73*7 


75 37 +11 

76 06 +11 

74 58 -35 

75 33 +11 

76 44 -03 


74 53 +07 
74 48 +11 


76 13 -35 
74 63 - 03 
74 35 +06 
74 28 +11 
76 04 +07 

74 48 +07 

75 46 - 3 
75 33 +10 

75 05 -3*1 
74 18+8 

76 68 - 3 
74;i2 +7 


13*3 w. 76 07 - 4 

74 60 +7 
74 06 + 7 
7-8 w.l 74 44 -34 

J 74 06 + 7 

4*6 w. 

4*4 w. 


76 37 -12 76*4 


1 1'18 1 J 

10'83 I ' ‘ 


i 1 'ill ll'M I IWlavciH'l/;. 

76*1 HHIO MHIO' Kilmla I,. A 

73*7 U-34 11*34 ILiuisIwn, 

75*71 „.fi ll'lH lM81i,.„(, <l^in>''i*.I. 

75*8 f " 10*83 10'83 | IviiiiiU. I». H, 

7(i'3 10*03 ltM)3 Kiiinl/,, li. pH. 

74*6 ll'23 n'33 llimi<0'(>n, 

75*7 10*70 10*79 Kiiinlz, la H. 

75*7 ll’lH )1*IB (Iniiiini'il. 

7i;*3 11*14 ll'M finiiminl. 

75*01,-,k 11*01 11*01 'Kami/, 

75*0 ''“’' 10*03 10*03 K,* m:/, I,. 

76*01 ,.,. 11*33 ll*531,,..,.."(l:iMi.*"''l. 

75*i»]''*’'' 11*15 1M5 Ivpiiii/. 

74*81 11*31 11*31 irmtHlci'ii. 

74*8 „,a 11*10 11-10 llniimii'il. 

7*1*7 10*93 10*03 l4)rlm.T. 

74*7) 10*60 10*60 j Kimita R A 

75*3 10*88 10*88 Kimil/., la H. 

74*9 10*90 10*00 Kiiml*, la A 

75 - 7 ' ... . ' 11-2') 11*301 (Iniiminl. 

75*7 ' 10*05 [ ' ' Kiimla la A 

74*7 , ll-*'!'! 1036 ,1 ,, lllimHioirt). 

7*t*4j'‘ ' 10-86 10*36,*“' Kiimi/., I..A 

76*!) 1 lituuiml. 

74*7 16*87 10*87 Kiuiila^laA 


tlii'mmWl, 
ICiimlK, la iH, 
Kiiinlx, la iS, 
ir’*i**'.'**i. 
K-i: Ii. 

I IteiiuKiica 

Eoinocke. 


75 - 7 ' - - " 11 - 3 ') 

75.7 "'*■■' ; 111 .( 1 -, 


1"*161 11.(1 
1)*05 I " " 


77 24 -.13 77*3 
75 14 - 7 7.5*1 



1"‘* "• 1 1 y.*!'!! I 

law.; 75 40 +14 75*0 I 11*05 ll*05 


0*0 K.1 *76 24 -15 76*31 

0*.i a I 0*6 a' 76 43 -12 76*5 1 76*3 * 11*3.3 

i 76 10 -07 76*1 J ; 

•t.ii ... I 


Raincdco. 

Koilliau* 

Bemoolco. 

Boiwdce. 

Eoiniieb. 

XAto, 

EoitiorTcfl, 
i Kuini'clio. 
. iWiii'i-lco. 
■ Jv+iltlT'lfO. 

Jteiiii'cke. 

*1 

:■ T. i'll Ice. 
j .lii'iiurlie, 
j '.Kritti'iike. 
: Kcinrcko. 


MDCCCIiAXlh 
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GENERAL SIR EDWARD SAB.tNE ON TERIiJiSTRIAL MAGNlfriWM. 

ZONE VI.— Lat. 05“ to 70° N. (coutimuid). 


■'. I. 


« { 


■ Eeimleoi* Island 
Varzoiika 

' SemOsfcro ^^ .... 

Petrina Village , 

I Eitai Island .... 

1 

Bosimittny Island 


Swiatoi NosSm, 

ni[^!'fjiuinr’l; Island.... 


I 


CapeTiil/.n., 


Sosiiovolz nr Cmn ] 
Island 

At soa 


Orloff Light ..t. 
Tlnfoc Islinula . 
Capo Woronoff. 
At sea 


Moi'jovetz Island . 


Ifanino Koss 

Kandalaksha Eivor 
Elver Koidoi 


KambalmzaEiver.i 
Sdiemtj 
At sea-.. 


Gtnssinaia Eiver 
Waaakina Eiver 
Indega Eivef 


At Boa.f., 


iefcohora Bivei* . 


67 -IS 

65 60 i 

68 10 
67 .49 
69 45 

69 26 

68 43 
67 39 

67 30 

69 40 
69 45 

68 19 
68 37 


43 48 


! 18 ;! 0 -:) 


4 j .nr igji-ri 


‘15 57 

46 32 

47 00 

49 00 
40 OS 
49 15 
53 34 

52 45 
63 16 

5 3 48 


1841 5 
1841-5 
1821-5 

1841-5 

1841-5 

1841-6 

1848-0 

1824-6 

1824-5 

1824-6 

. 1823-5 


3 45 K. 
3 10 !:. 
3 53 K. 


5 50 E. 
5 10 E. 


7 25 ji. 
9 47 Ts, 
9 53 «. 
9 19 R 

9 35 R 
9 03 E. 


■ . - I -’. 


M :M 



* . 


■ ■ ;i 




■■ i : 

1 ip ■ 

•1 1 .. 


■' i;'i ■ . 

1 -‘’i . 

i| ' . , 





■>; 

h-.... 

.'i ■ ' 

1 ii 1 

i:; . 

# >■' 

l.i 

i 1 ■ 

.. 



; 1 . . 

1 ' i 





•■.1 1 ■ 

■ 1 ■) 1 

tt 

1 

1 . 

■ li * 

. 




■1 ' 

\. 

.-.■i • 

■ '■ 

' 1 

1 .'t.' . 

‘ ■! 

1 ,1 

; ■! 

# 1 •'§ 

.'ll 
f ' ■■ 

>ll 

• ■ ■ 

I ■ ■■ 

1 ■ 




1829-5 

2 If) \\\ 

1 31 H. 

O'O w. 1 




1 


65 01 

35 45-1 

1800-0 

0 43 H. 

1 48 w. 

1-1 vv. 

■ O-Stt*. 

73 45 

- 1-14 

1 , 

74V1 ] 



1870-5 

2 26 E. 

2 54 w. 

0-5 w.J 



09 03 

36 33 

1832*5 

1 22 w. 

2 04 15 . 

0*7 E. 

76 29 

- 1,0 

76*3 


66 17 

36 54 

1831*0 

0 .15 w. 

1 11 15 . 

0 * 4 15 . 






68 47 

37 28 { 

1822*5 

1832*0 

1830-5 

0 30 w. 

0 45 w. 

0 30 w. 

2 04 E. 

1 05 E. 

1 14 15 . 

1*0 p.l 
0 - 415 .] 
0*7 E. 

1*0 E. 





60 04 

38 17 ^ 



***••. 

♦ • 1 1 1 1 


08 38 

38 30 ( 

1832-0 

0 10 15 . 

1 05 E. 

1-3 15 . 





18 ‘ 19-5 


75 .51 

-h 4 

75-9 




1833-5 

1 17 15 . 

1 58 E. 

2-3 


76 13 

-10 

76-11 


68 04 

39 35 ■ 

1833-5 

1859-5 

1 30 K. 

4 3 - 1 15 . 

1 03 11 . 

1 45 vv. 

2-5 B. 
3 * 8 15 . 

‘ 3 * 615 . 

76 28 

-05 

76-4 




1870-5 

5 41 K. 

2 54 w. 

2-8 E.J 


76 54 

+i‘i 

76 - 1 . 




1823-5 

1 00 15 . 

1 58 E. 

3-0 E. 

70 27 

4 4 M i ^ 




68 10 

39 48 1 

1830-5 




2*1 E. 


76-1 



1870-5 

‘1 08 15 . 

2 f)’i tt*. 

2-2 E. 

75 ‘18 

-fM 

7()'0 


(i .5 12 

39 52 

I.W 

0 511 V. 

1 (12 R. 

0-2 15 . 

• 5 4 • « • 



,..!()5 Oil 

‘10 13 

lS-:-2;i 

' 1 :!'.i ... 

1 03 E. 

2-5 E. 





65 58 

40 41 

1829-0 

0 45 15 . 

1 24 E. 

2-2 E. 




1 *« 1 1 1 



f 

1830-5 

1 27 k. 

1 M M. 

2-7 R. 


7 ‘t 58 

4 « 4 4 « % 

75 - 9 ) 
1 

1 

66 29 

40 44 

1854-5 

3 58 p„ 

1 14 w. 

2-7 E. 

2-8 E, 



J 



1855-5 

4 25 E. 

1 20 ff. 

3-1 E. 





... 

69 16 

41 00 

1824-5 

0 57 E. 

1 .52 B. 

2 - 815 . 






67 41 

41 02 

1828-5 

0 45 E. 

1 27 E. 

2-2 B. 





67 13 

41 22 

1801-5 

6 18 E. 

1 58 IV*. 

4-3 B. 

5 * *5 1* 


<« . • M 


67 06 

41 3 (i 

1827-5 

1 17 15 . 

1 33 E. 

2*8 B. 





66 31 

42 20 

1828-5 

3 10 E. 

1 27 15 . 

3 - 0 15 . 


?»♦»»» 


... 

68 33 

42 20 

182 . 1-5 

3 30 15 , 

1 52 E, 

H B. 



1 • 4 4 *• 

. .. 

f)6 45 

42 28 

1827-5 

2 20 B. 

1 33 E. 

3-9 B. 




... 

67 11 

42 43 

1827-.1 

2 30 E. 

1 33 E. 

4-1 B. 


• t »• 1 k 




[ 

18285 

\i 00 IS. 

1 27 B. 

S*6 E. 






68 39 

43 32 

' 1841-5 

-1 09 i‘ 5 . 

0 00 K. 

4-3 H. 

1 .)- 2 e. 

5-0 B. 

75 54 

• *..1 *« 

76*0 



[ 

1870 -.i 

; 8 (M 11 . 

3 54 vv. 


76 08 

t • 4 . i 5 • 



05 45 

43 43 

1 . 8 :j 0 -:) 

j 3 '15 E. 

1 M E. 

j ii-Oi:. 


• II 1 1 * 



66 12 

43 -16 

1830-0 

1841-5 

; 3 15 15 . 

1 17 K. 

j -IV) n. 

jl-a B. 

■ j'kl 


1 

1 



i 

1 



1 


1 

|i 01 

1 


7 (!-a 


7(1-3 


■ 75-0 


! I'. » 


11 - 0(1 




l(H )8 

iT-iiii 

li'-iir. 

li’-io 


■ 75-0 


l M K. 
I 17 E. 
0 00 J-:. 


0 00 1 ;. 

1 52 i:. 


0 00 R, 

0 3'1 w . 

1 52 K 
1 52 E. 

I 58 E. 
1 63 E. 


6-0 E 

4-6 E. ] 


y 4-2 E. 


5-9 j :, 
70 E. 


h7-t 07! 
• 75 3!l ■■ 
: 75 42 


n -2 K. 
11-7 R. 
11 - 2 1 :. 

11-5 p.. 

11-0 E. 


(70 40 
1‘7C I'J 
■ 75 33 
, 75 38 


75-7' 


11*70 

11*39 

t » « f « t| 

11*63 


M t »* i 
» I « « t « 


11-00 


10- «8 
i'i’-3(i 

11- 3(i 

I’i'w 

V > I M « 

M M 


11 -31 


Olwoi-voi-a. 


1 1 « . « I 
< 4 . 


11-7') 

ll-.'Cr 

1V62 




11 >l. 

liiiDr 


76-7 

76 ;t 

7iV6 

751) 


\m 


n-iU 

inh 


lii'OI 

i 


Koinn(!!cn. 

Htunonko. 

Liitko. 

iCroioir. 

Lidkn. 

noluv(uuili!i* 

lh*itu‘nka 

Zin*uuI)iiio, 

llnlavoiujlz. 

Liitki '. 

UnitUHiko* 

Ijiilka 

Iini?u'('ko. 

Itianorki). 

U(*in(Hfk<), 

Kiiinlz, L. S. 
IjiKkn , 

IvVin(‘ffk<\ 

/in'iMilMiin* 

llolnvnimi./,* 

Ildirn't’ko, 

Kniunt’ka. 

Ilrluvoiinji?. 

Rt'iiuM'kt', 

l{tiiiit'nki). 

Knildir mul Ko- 

ziikoir. 

EnuitHiko* 

Oitiimiunny* 

M « d ) tnigull , 

Liilkn, 

Pnklil.UHKolf and 
Milnkoli: 

ZarouhiiKL 

Kfimailta* 

Kniioll 

Tdilkt'* 

Tuui«'r and Miln- 
kdl 

Roineako mul 
Tuuli:tn% 

R. 

I!,-' 

ivrntuti; 

KroioII 

Hawftliii 

Ifmioffi 

Ktoioil 

Siwaliol 

Srtwaliof. 

Nawaliot 

Lillkoi 

Sawalicf. 

finwalkl 

Siiwnliff, 

KnViilsk ). 

I.iiiki'. 

Liii k ('. 


:i IvanhojT mul 
ij l * ukhl . u .^.? ioir . ^ 
ij Lnlikc . 
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ZONE VI.— Tiiit. ( 16 '' to 70 " N. (coiitiuuod). 






])o{4inntion. 

Jneli nation. 

I'orna in llt-il.iHh units. 


Stations. 

Lat.N. 

Long. E. 

Date. 

Ob- 

HOVVod. 

Oorrcct-ion 


Ob- 

WM’Vod. 

Cbr. to 


Oil- 1 

Cor. io 

ibrmili'd. 

(^bHCVYiM'H, 




to Ifipoch 
1842*5. 

Covreetod. 

ICpoL'h 

1812*5. 



|ll|llicll 

1312-5. 


Mouth of Potclioi'a ... 

■’ t 

O ' 

5 'I .12 

!SlM-5 

/ 

1 1 ;.7 i;. 

1 52 1 . 

laa :*. 

■ 

' 





Roguzilu'. 

IVrovoziKii No.-.s ■ 

i;- »7 

."'7 


n Ilf -. 

1 5:: 1 . 

1:! !l a 







lloffu'/.inc. 

iSiiikiiu' Nii.-ss 

•i*- VJ 

57 a.i 


il la ■*. 

1 .i2 i . 

):: 1 1. 







Ivognziiio, 

Sc'lijir 

(I'i .'i!! 

5:' 27 


!» n5 

1 

ll-l i. 







Liitkn, 

Nikolsbiia Rivor 

(i!) '10 

(!(» <10 

1821*5 

10 08 K. 

1 52 a 

12 0 IS. 






11-99 

Lulk(\ 

1 1 .1 

o;t 

04 50 

1828*5 




75 15 

- 2 

75-2 

11*98 

+•01 

,9'jriuan. 


;io 

ii5 ;i!) 

1838-5 




75 5i) 

^ 2 

78-0 

12-19 

+■01 

12-2(1 

I‘]riniin. 

l<lnuuiy( Mean Position)! 
O’ ' ’ , ' 

(><) 

(K! :!(! 

1818*5 

K) 33 K. 

0 a7 w. 

i.5-9 K. 

7(i (18 

- 1 

78-1 



12*08 

Kovaivski. 

- ai 

00 42 

1820*0 

14 aa M. 

2 10 a 

10*7 a 

7G 07 

^ 1 

70*1 

12*07 

■+•(11 

I'Jrnuu). 


55 

87 38 

87 4.3 

I82!l-5 

1835-5 

l.'i (JO i-i. 

18 ai IS. 

2 20 a 

17*3 a 

17*5 a 

77 48 

77 49 

4-11 

+ 5 

78*0 

12-78 

+•05 

12-83 

ilnuHUs'ii. 

Ml .. 1 1 

■r* 47 

J 10 a 

77*9 

12-87 

]j\‘(inro\v, 

00 

87 54 

1820*5 

I'l .-m B. 

2 20 1-3. 

170 a 

77 20 

+11 . 

77'5 

12-82 

+*05 

.lliinsli’0)i. 

■ .... 

o;} 

87 r)7 

1820*5 




77 3-1 

+11 

77*8 

12*86 

+•05 

12-91 

11 anal (vn. 

1 ■ iV ■ 

■V. 48 

88 15 

183!l-5 




77 48 

H-12 

7H'() ■ 

12*77 

H-'05 

12-H2 

llaimimi. 

1 . : . . 

4a 

122 ao 

1822*5 

0 40 M. 

2 a5 a 

0*3 K. 






Wrangol ^ Anjmi. 

Piisl-gdom 

07 18 

m 4G 
25 

as 

122 41 

122 5a 
12a 54 
125 54 

1822*5 

1822*5 

1822*5 

1 00 w. 

2 15 w. 

1 00 K. 

a (10 K. 

2 an .a 

2 a i K. 

1 'G 

0*3 a 

3*5 a 

5*1 13, 







\Vrangol,&i Anjuu. 

SohingariHlc 

78 OG 

4 -aa 

7S-G 




Wraii/'.i-IA 

TlqrtlvAl .I'lrtly 

1 31 >1. 

2 a, 5 B, 




Wi-aii'T', \nimi. 

i ... 

1822*5 







Wrungei tV Aiijiiii, 

: ■ 1 

M 51 

152 17 

1822*5 




77 OG 

435 

77-7 


...... 

...... 

Wra'i'nli'i \ii|.iii. 

" 

ai 

laa 50 

1822*5 




77 55 

+35 

7H-5 



...... 

\\ l•all".^•l inj'Mi. 

iviuigu 

0/ 50 

lai la 

l8ai-5 





7H 2G 

+35 

79*0 





W raii/,;;'i iv Anjuu, 

Soliaiild 

GO 4i\ 

13.5 liO 

1822*5 




79 15 

+35 

79*8 



...lit 

A. \iij<-n 

1 

2(! 

1(10 10 

1821*5 

li 45 H. 

1 a2 a 

ia*3 a 




...... 

.... M 


W r.iii^'i'l Anj-iii. 


■i as 

Hit) 40 . 

1821*0 

0 5(1 \i. 

1 29 a 

1 1 -4 B. 

77 28 

+31 

78*0 

.Ml.. 


...... 

Wmug(4. 


■■ 't 4Si 

100 .5) 

1821*5 

I a 30 K. 

1 28 M. 

M-<) H. 



...... 

...... 

- 

VVmngnl. 

i'OOllOtlHlC 

GO 04 

100 55 

1821*5 

1 1 45 K. 

la 30 B. 

1 28 w. 

l.‘l-2 K. 

M O K. 







VVran^'nl, 

Slid ion 

t;8 57 

101 15 

18^3-5 

1 25 K. 




4 * « f 4 1 


* 

\Vi’iing(4. 

Islfiiul 

ii!» ai 

101 4a 

1822*5 

13 30 B. 

1 2*2 a 

14*9 a 




,,,,,, 

4« t 1 * J 


VVrangel, 

Shition 

GO 18 

102 oa 

1822*5 

15 ao K. 

1 20 a 

10*8 1-3. 






•■‘•M 

Wmngo), 

Station 

G!) 05 

102 00 

1822*5 

15 00 K. 

1 19 a 

1G*3 a 

34 3 a 

14*8 a 

13-8 a 







Wraugel. 

W mngnl. 
Wrangnl. 

Station 

OH na 

102 00 

1822*5 

la 00 1-3. 

1 19 M. 







Lobusnoio 

07 oa 

102 20 

1821-5 

la ao K. 

12 ao K 

1 18 a 







T/ii.ilo Pijiranow 

GO a8 

1G2 27 

1821*5 

1 10 a 



78 00 

+30 

78-6 


» « 1 4 « 1 

4 * «ft ftft 

Wrungol, 

•Sill! ion 

GO 58 

102 48 

1822*5 

12 05 1-3, 

1 14 a 

13*3 a 



* * • f > • 



Wi*(nigi4. 

IMdIhiricllfscllO 

' GH 01 

102 55 

1821*5 

14 ao n. 

1 la a 

15*7 a 




* 4 • * 4 + 

...... 


Wnuigol. 

Si lit ion 

' GO 42 

loa 10 

1822*5 1 

la 00 K. 

1 II a 

VH i\ 


» t » t 





Wrau|j;(4, 

SiMtion 

■ tIO 44 

Kia 51 

1822*5 

12 a5 H, 

1 01) a 

33*7 a 



■1 *f *« 


.... 1 > 

fttPftftftli 

Wt‘aiigoh 

AVningd. 

(lrr:it niiraiiow 

GO 41 

lea 52 

1822*5 

la ao 15. 

1 08 a 

14-G a 








4 ft ftftf 4 

iVtn-Ih of Aniiii.. 

.^1 iiI.Iaii 

GO 24 

1 1)1) .14 

104 02 
1G4 10 
lot .r? 

1822*5 

1822*5 

1822*5 

12 45 M. 
12 a5 M. 

la ao a 

1 07 a 

1 05 a 

1 oa a 

ia*9 a 

13*7 a 

14*6 a 





4 » M 4 • 

If ftftft* 

WrAiigid, 

Wmtigel. 

Wvfmgiil. 

Slat ion 

■ GO ao 



4« M** 

• 4 t f t 

ft t tt t t 

t M* n 


Jiiwr JV;'Iro;';ia 

G.'' a/ 

liii -i;: 

1822*5 

14 00 a 

1 04 n. 

15*1 a 




1^4441* 

t t 4 ft 

t1l4ft«4 

Wwgel, 

Station 

i\< i; 

i>.;.> II 

1822*5 

15 00 a 

1 01 a 

10*0 K. 






ft ft fit* 

Wnuigoli. 

Slat; oil 

G."= ar 

] 

llM 12 

1822*5 

14 00 a 

i 01 a 

160 a 





4 ft 

ftiiftti 

Wrangeh 

On tho Const 

1 GO ao 

160 21 

1822*5 

15 2G K. 

0 53 a 

16*3 a 





ft * f *4 • 


WmTigel 

Slat ion 

GO 00 

IGG 29 

3822*5 

i 15 00 K. 

0 51 a 

15*9 a 

15*8 a 




..4*. 



■Wmngel. 

Wrangel 

On the Tiniilra 

GO 25 

10(5 ai 

1822-5 

14 5!) a 

0 61 a 


44 P *4 1 





Balfl^n 

. GO ai 

106 40 

1822-5 

15 25 a 
18 ao a 

, 0 50 a 

36*3 a 

19*3 K* 






ft ft ft ft p f 

Wmngel 

Wrangel. 

Station 

, GO 45 

107 ao 

1821*5 

0 47 a 




K •»* * 



Oiipo Maiiushkin 

,:G0 45 

1 

170 47 

1821*5 

18 00 a 

, 0 37 a 

18*6 a 



fttiww 

• ♦I'l* • 



Wrangel 

: WcHcon Rivet* 

! GO 55 

17a 52 

182a*5 

18 57 a 

, 0 18 li. 

19*3 a 

j79 59 

+28 

80*6 


* ft *t ft PI 


Wmiigcl. 

'Enwl of Ca\ic .Tiikan ... 

(io ao 

17G 58 

182a-5 

21 ao w 

, 0 12 w. 

21*3 a 





4> ft* ftft 


‘Wmngel, 

■.Novt.li CiijM'. 

, 08 55 

! 170 50 

lH2a-5 

21 40 M 

0 29 w. 

21*2 a 

1 

...... 



ft * H ft ft 

4 1 f ft ftp 

Wrangel. 

Jloly Ci'Orts .Hay 

.,05 28 

■ 181 28 

IS28-5 

: 21 01 K, 

, () 18 w. 

j 20*8 M. 

7 a 43 

: +>8 

1 

1 

76-0 

; ]:2'80 

1 * f • lift « 

12-80 

In'itb'. 

At HOii, ini'iiri oi’ tAvo 1 
obaorvntioiiri j 

;G5 11 

i 

. LSa 17 

1 

1 lH2o-5 
! 

111 15 !■: 

1 

1 

•| 

19*3 a 




1 


. 3, i'l Ike. 

AVa.nknveni R.ivur 

107 4 .'ll 1«.1 

: J8i\‘!-5 

1 

' 2;{ 00 1! 

0 21 v. 

‘ a 





i 


. VVnmgal. 

Koliuiscliin 3'sliuul .. 

IG7 27 

; 181 25 

182a-5 

' 2a 2G 1-: 

0 24 w. 

; 23-0 a 


1 






'■ VVrangc], 

At 1*011 

' GO 28 

■ 184 50 

, 1810*5 

25 oa n 


! 25-1 a 



i 

1 




i 'Kolleir. 

At sea 

: G!» 2G 

IS5 00 

I ]8-(!l-5 

2G 12 a 

[ 

2(t-2 i:. 



i ...j . . . 

y 


j 

|iK(-netl, 

At 6oa 

A f. U/Wi 

1 Gil 54 
!G0 47 

i I.S5 38 
: 187 13 

1 1810-5 

1 1840*5 

27 4 I j:. 
.27 45 F,. 

i 

27-7 a 
j 27-S a 



i ’ 

1 

'i 

1 

i 

1 

1 

I 

j KelJftt, 

|i Ke.!k-tu 



* 




! 

1 

1 

1 


3 l 2 
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ZONE VL— Lat. G 5 ° to 70 ° N. (coiitiiiuc(I). 



1 ' ' 


Declination. ' 

Inoliiuilion* 

j Force in Uriliah uniU. 


Sialioiis. 

Cal-.N. Long. E. Dali-. 

' 1 
j 

■ Ob- 

SKl-Ulll. 

CorriViiini : ( rvi Cor. io 
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ZONE VI.-Lat, 05" to 70" N. (ootitinncil). 


■ ■ I 


(Ja ])0 JJanw., 


Mooro’s Buy.... 
Bdait H'avoii .... 
* Viotorifi Ijjuul . 

I A . .■ 

T 


SlnipNon’H WirltliOtSl; 

- (All l/»'A 

Ur i ■ • 

. Oil nlioro 

, Ou hIiovo 


; On i(io 

" On slioro 

]vii4( Williinn'H hmi 

1 Boinli Vii’l'dty 

Oa.|in ,Il(wlu'l 

! Book Biipitl 


I : . 1 .. : I 

: I- 

■ ■ -.'I': II 

tift U4 m <J() 

.. 1)7 u ario 00 

.. OH 10 ifOO ;{!) 

.. os 57 U5*J 00 

. OS DO i>0 
os 52 25;] 40 

.. 08 44 25;] 57 

.. OS 54 250 12 

07 250 2;{ 
. O.'i ;i5 257 45 

.. OH 45 257 57 

00 ;];] 25H 51 


' .Point HoiuifoH 
Buini. OgloM.w. 


■ On land or ion 

■ Oapo Iflabclla... 


.■ i;..v ... 

! 

(Ml II Slmal 

.Dm-krll I 'o\t‘... 
(lap«' Wcb’Idi'il 
Goi'O Par 


Oil inn 

Lyon I nil ‘I 

.Snfol-vCovo ... 

On uv 

On in' 

VVinlnr .U.'aiid 


On inn . 
On iiT . 
' On ini' . 
Oil ini' . 
l^doolik , 
Ou hllOI‘0 


On f-liOLT, 
I On inn . 
[ On i(!ii . 
, Ou ICO . 
Ou irt . 
On i(:[i . 


1 05 ;m I 
' 00 .‘iS I 
i 00 ;{2 : 
■0!) 4Sj 
1(1;) ;ii ! 

'oo 121 


I ' .■ 

. I. .■ . :i 

■■ .1 I » 

I ik:w'.t II .. 


48 (M) R. 
4i; (II) R. 

r>7 41) R. 

(W 10 K. 
(ill 00 E. 

(i(» 118 R. 

5.i’4r>'R. 


(W 43 258 6(5 
60 265) on 
1.. (») 08 2.i!l 66 
.. 00 37 2(11 1!) 
.. OH 41 201 38 
.. 06 64 201 60 


5!!) 10 n. 


Si)uili(ir('Jii|)i»'ir('i'Hitlu'l (i8 42 201 60 

I(!8;);) 202 00 

II' 21 202 36 

i' .. .... 'I'' 41 202 60 

• l‘. •:.■ /i. ■ '!'! 31 202 .60 

07 .60 2(53 23 


1865)'6 

ISliOfi 

183l)-.6 

I86!).6 

186!)'6 

1861)-6 


46 00 R. 


■7 68 2113 40 
■ ■ 32 2153 .60 
47 201 42 

07 41 2(54 .68 

08 14 205 02 


... 05) 36 206 07 

... 01) 20 200 Oil 

.. C'l ;;<) 20(! 32 

... o( J/i; 04 

... i!'i 111 30 


:!7.> "•) 
276 20 
276 20 

276 41 

276 .15) 
270 II 
270 111 
270 40 

277 011 


.hl.6 27 j 278 O') 
.' (ill no ! 278 06 
., (ill 6(1 1 278 21 
.' ii:i 112 ; 278 23 
.■ li!l 21 i 278 23 
.; 07 03 1 278 32 

.'(17 11 278.10 
.. 01) 32 278 37 
.:(5!i in: 27 s 40 

.1)1!) Dll' 278 41) 


iHlll-f) 67 15 vv. 

iHiino 

18111 .6 

1847'6 02 6()ff. 
182 1 -6 48 111! w. 

1821%6 47 07 w. 
1821'6 47 31 W. 
I82I*,6 4(1 41 w. 
1821 '6 ,63 2()w. 
1821 -5 .60 18 w. 
i 1821-6 n(i20\v. 

1821-6 6() 84 w. 
1821-6 64 ()0w. 
1821 -n 64 40 W. 
1822’6 8!)18w. 

1821- 6 63 49w. 

1822- 5 67 24 w. 

1821- 6 6.6 00 w, 

1822- 6 88 6Mv. 
1822-6 ■..(',•> 17 w.; 
■1822-6 '187 20 w.i 
! 1822'6 83 (II «•„ 
; 1822-5 i (i.6 13 w.j 

1822-6 ' 70 -28 w,! 
1822'6 Iso 0(1 w.j 
1822-6 82 1)2 v,\ 
).S22-.) 82 22 w. 


oo 24 ■ 270 68 

i 5 822-5 

' 70 21 IV.! 


70-4 tv. 

!i : ■ 

06 08 1 2S0 26 

i ls2]*5 

j 

.62 12 tv,' 


j 52*iJ \\\ 

:i87 00 1 1 

1 > 


02-8 w. 
48-0 w. 

47'1 w. 
47-0 w. 
4(5-7 w. 

62- 3 w. 
60-3 w. 
60-3 w. 

60-6 ff. 

64-0 w. 
64-8 w, 
80-3 w. 
.6;5-8w. 
57'4 w. 

66-1 ff . 

88-0 w. 

63- I5W. 
87-15 w. 
ai-o w, 

05-2 w. 


;!87 47 . 

IsH'ibl 


87 63 87-8 


87 61 87-0 


1 88 (10 : . 88-1 

87 37 i ! 8?-0 


87- 8 

88- 2 ms 


I : 


iSiiupKon, 

iSiinpKim. 

Hitnpuoii. 

WnipHon. 

iSim|moin 

iSiiniiKoih 

NiuipHoii. 

(!()Iiil1HOU. 

Hhupson. 

(JollinHuii. 

(lollinsoiK 

OoliiiiHOiu 

Ldlliiiann. 

(killiiiHon. 

M'SSiiildnk. 

iVP‘(Sint.di*k, 

iSiinpHdiK 

Hunk. 

M’SIliiiiddli, 

SimpHdu. 

HinipHdn. 

M'SSiiiloclu 

M'Silinlddk. 

M<’( llinliK'-lu 

M^Sllhiiddk. 

M*S!HiikMik, 

H/uik. 

Itiirk. 

JioaH. 

JtdHH. 

UdaH, 

lint). 

Parry anti Bislior. 

Parry and Vmh)r, 
Parry. 

.Parry. 

Parry atniPiMliar. 
:Parry. 

Parry, 

Parry. 

'Parry and FiKlior. 
,Pany aiuLPinlmr. 
Parry a7idFiBl)cr. 
*1 Parry and .PMidf, 
.Parry and b’lnliiir. 

Parry mid l?inlu‘r, 
Ikvrry and L’inlinr. 
Parry iiiid Kinlii!i'. 

I Parry aiul 
I'. .Parry mid li'inlmr. 
ii .Parry mid Ji’inlmr, 

Parry and i’i.slinr, 
" It'irry and i•'L|llir. 
ji I'lirry and I'islmr. 
j! Parry mid l''i.slinr. 
:■ Pnvrv mid lAnhni\ 



414 


GENERAL SIR E.DWARE SABINE ON TEBIlESTRTAL ]\[AQNET]SM. 


ZONE VL— Lat. 65° to 70“ N. (coutinucd)' 





GENMUL SIE EEWAIiE SABINE ON TElUiESTEIAL MAaNETiSAl. 


415 


ZONE YII.— LATITUDE 7U° TO 75° N. 


» ■ I MSH. in tho Ihitinli Xlytlrogvai^lnti OlUco. 


Aiiilionlles. 

Lomafcrom Eoyal Swedish Acad, of Sciences, vol. viii. (Stoddiolm, .187(t). 

Koilhan Ilanstoou, Ecsnlt. Mag. Booh. (Christiania, 1 803). 

(Jainiard Voyages on Scandinavie, &o., 1838 to 18-10. 

Sabine Expeditions, &c. (London, 1825), p. 474; Itoports, British Association, ‘ 1837 ; and 

Barry’s Yoyago, 1813 and 1820. 

Kiiintz, L. S MSS. in Magnetic Oilico, comnuiiiicatod h)!^ Brofessor Kiimt/-, 

llclavenotz J’ublications in. the Itussian Ijangnago, 1871. 

lloincoko, Ziwolka, ^ In Be.lavonol/, above ciUsd; and MSS. in Jilagnotic Oilhic, received from Admiral Coimt 
and Bakhtiissolf.. J Liitke. 

Middendoi’if Loim in Af.iddcndor/rs Sibirisdie .lleiso, ,Bd. .1. Thoil J. 

"VVrangol and Anjoii. .Narrative of an .Expedition to tho Bolar Sea (London, 18-14) ; and ItaiiBltani's Ke.s. M.ug. 

Boob. (Clirisiiania, 1803). 

Ivolleit, Oollinson, ] 
and M'Dluro 

Bcochty, Ma^jiiiio, | Britisli Hydrographic. OlUco, and in Magiieiic Ollnui. 

and JluU J j o ,i 

Sinipson Narrativo &c. (.London, 18-13) ; and AIMS, in Afagneiie OIIum*, rotioivt'd from ibo Antlior. 

M'Dinigall ' 

Oinnianiiey 

.M''01iuioek MSS. in tho British llydrograplihi and in tho Al'ngiudic OIIIooh, eominnniiaited liy Dm 

Allen .... AuUiorH. 

Ilohinson 

Bollol; 

Boss (lames Clark). . Bhilosophioal. 'ri'n/msac-lionH, 1834. 

Barry and Foshn. , . ..I’arry, Voytiges, 1824 and 1825; and 1827. 

Burry and .Usher. . . .Burry’s Voyage, 1821-1822. 

Kune Sehoiit, in Smitlisoniuii Couirilniiiona, vol. x. 

Hayes Smithsonlau Contributions, vol, xv. 

Copeland AISS. in Magnotie Ofiic.o, received from I)r. Copeland. 

Scoiusby In AISS. oontribatod by Brofessor L. S. Kiinitz. 


(Omitted in Zone V.L) 

Blossovillo Hansteon, Transactions of the Eoyal Danish Academy of Scioiicos, 1801. 



416 


GfflEMl SIE BDWABD 8ABINB ON TEEEESTKM MAONKTrSH. 


ZONE m-Lat. 70° to 76° N. 


1 I II Declination. 

. I ■ . 


r ■ ■ 

■ ■" 


! ■ 

II •!. 


f •• 


■ 1 >. 


1 




j , 

;■» i 


h : T 

ill 

" I.' . 

l"■.^ . 




I" 

i ■ .1 

1 ■ ,1 ■ 

■» ■ 

1 ' . 

1 i 

1 ■■■ 

«" 1 

I . ■ ; 

; ■ !'■ 

.i 

* ''"i i' 

1 "'i' 

■ 1 

1 ' I ' 

i • 

.' 1.1 . 

■1 

jii ,■ 

1 

I ■ 

1 1 ■ 

V ■ 

! II*! 

■ 1 ■■ 




1 

■ ,1 

1 ' 

i < 1 1 


■ 



■ 

-■ . 

!.i' 1 '■ 

' ■ 1 

■ ■ 


■ ■ 

ll- ■ 

#■■ ■■ 

.1 ■ , 

■ / -• 

* . ) 




I • ■ 

h ■ 

, ! ...i 

■ ■ ' • 1 

■j; ■■ ; 

"1 

'■ ■. 'l" , 




'o 

1 ' . 1 


. .1 




1 - . , 

1 ■ 

1 ' ' i 

■' -i 

■ ■ ''7 • 

■ , -■ ■■ 



• • 



■ S ^ 

1 

'■ 1 j 

!'• 1 I 

1 H ■ 

. I- . 

i';.,- . 

■■ 1 ' ■ 

h 

; • 

ll . 

1 1 1 

■ 

• ■ 1 " 

■ 




• 

. lii 

1 -. 1 , 

■ ' l' 

1 ' ..1 

1 

1 * f 1 

■ ■ 

1 . 

fi !l 

. 

:\l 

-.aI ;io 

■11 2{) 

1 

1 

ltLM-5 

7) ;i 8 !■:. j 

1 

51) J-:. 

M soil 

.|7-l Kt 

•n ,'!,•) i 

IS2I‘5 

li .Ii! n. 1 


(r 8 K. 

!#VLI 

. 73 30 

.1(5 (iO ■ 

IS-il-fy 

li 3S 1 -,. ■ 


(Ml 1 -:. 

Al 

.•i/'l 33, 

■]() (M) i 

I«2I'5 

II 3 1 H. • 


(»■!) E. 

At > 0 :l 

..:71 jj- 

•Hi 21) . 

lS2t-5 ■ 

7 00 1 ;.- 


7 0 !■:. 

.At .-iCwi 

.. 74 fill 

■Jli 20 

KS21T) 

8 30 K. ■ 


S'5 R. 

A( st.'a 

..1 71 5.1 ' 

40 1.) , 

IS2.1-5 

9 13 E. 

■ k • i #« 

9-2 1 ;. 

All .sen 

. 71 30 

-J!) I'iil i livj]*.*! 

' i) '10 1 -:. j 


0-8 K. 
iH) E. 

Al- 

■ 17-3 Hi! 

.30 2 ;i ; 

l«22’3 

0 00 i:. 1 

; 

•■•••• J 

Al- 

71 ■ 

.30 32 , 
.31 03 , 
31 12 ! 


0 D'l ■. 

1 ' illii.. 

0 'M . 

1 1 llii -- 

1 

y-o r. 

y -0 K. 
iH)r„ 

1 1 <0 

'^Oi) 

.. 71 ‘irt 

■ J 

1 

At- .-or 

.:\7'2 oil' 

1 ?* 

i 

ll Ch;! 

I 70 ' 

51 .14 

32 00 

1 'li 

1 

1 

jU sea 

/W -.f ^ 

..'ro ;io' 

IS2.|'3 

II W* II 

i !) 20 r.. 

1 

1 

i L ' 7 1-.,. 

9-5 K 

Ai M 

..'7;i 17' 

il:? -If) : 

1S21-3 

11 3!)i;. 

* 

j 11-5 K 

1:^1 in Soli ill* 

.. 71 17: 

5 ;; ;;o 

i«;t7-3 




AI.:)lL‘rV .Day 

;ii 

:»;) ;io 

i.s;«i-5 

11 32 n. 

1 1) IOe. 

1 11-9 K 

Al yea 

..,70 27) 

33 10 

182.1-3 

; S 53 I-.. 

i 

I 

8-9 K. 

MiiLotonuii Slraili .... 

! 1 

..|73 is' 

54 00 j 

182-2-3 

1H31-5 

11 41 K. 

12 00 E. 

! 2 04 k 
! 0 52 K. 

13-8 K. 'I 
12-9 K. i 

Mato; I J mil Strait .... 

..173 20 

5.120 

1823-3 

10 30 k 

; 2 Olh:. 

12-Gi-,. 

I'liirakiiui Rivoi' .... 

..;7;i 1« 

.31 21 

is;ir>'5 

II 30i{. 

: 0 45 3-:. 

12Gk 1 

Xovii- Zambia 

...,73 57 

1 

! 5A;iU 

1 

lS3!t-r) 

12 20 Ii. 

0 19 T-’.. 

; 12-7 K.J 

.-U sen 

...'70 30 

\ 55 25 

1824-3 

; 8 31 B. 


i 8-3 E. 

Liitb Day 

...'72 2li 

.33 20 

1833-3 1 10 4(ir,. 

0 3S K. 

11-7 E. 

Mtiscliigin IiiiCL ... 

...!7I 'l-l 

1 55 50 

1830-3 

13 30!-. 

0 19 E. 

M-2 E. 

..Ai sea 

...'70 23 

- 55 50 

1821-3 

13 22 k 


13-4 K. 

Capo ProvLiiioi 

...]7;Mo| 6fMH 

1833-3 

.11 20 k. 

0 45 E , 

12-1 K 

Petoiitlioi' Clun- 

...1 70 34 

I 5S28 

1832-5 

ill 2413. 

1 (15 E. 

12-3 K. 

(ipoBilc 

... 73 14 

1 31) 20 

lS.-!.3-5 

'll IOk 

0 45 E. 

11-9 E. 

At sea 

.. 70 l.> 

: 01 ) :io 

182.1-3 

ill fl-Aw. 

i 

I 11-9 K 

Mat-o.seliin Cflrait ... 

...■ 7 ;} IS' 50 30 

183.3-5 

:ii - 21 E. 

; 0 45 E. 

12-1 K 

At sea 

...70 0.1 

i 57 5l» 

182 1-.) 

'12 12 n, 


I2-2k 

KaminltaBny 

...70 31) 

! 37 31 

! 

1833.3 

ll 47 k 

■ OSGk 

12-7 E. 


luclinai'ioii. 

ill Di'il'inli uiillrt, 


1 

“■ " 1 * 




i i. 

ObHorvovM. 

; 

" 1 ■ ; 

_ ■» 

-.M 1 




Tjenisimnu 

f • ■ ' 

i t 


■ 


1 "• 

Koilliiiii. 

■ ! 1 

1 

1 ■ ■ 

III -■ 


|.. ..1 

(.luiinarO* 

/• :■> 

f f 

.'\ 

1 

1 ' ' ' 

;; 1 

1 1 


1 ; . 

iSaliiuo* 

1 1 ■ 

I ■ II 

. : II 

I '1 n' 

.1 

1 

f • 1 1 ^ 

; : i ■ 

1 » ■' 

1 : ■■ 

!1 1 

II 

i: 


::;i '■■■ 

1 

KiiinlT;. 

Delavoiu*!-'/. 

■ ■ .1 ’ 

it « 7 

1 ; 1 

ill 

■ 

1 : .■ ; 

1 i 

■■ ■ 

1 

1 1 -.*. 

Koillmu* 

Keilltiiii. 

1 4 



I ' ■■ 


:i .-■ 11-13 

(Inimard 


,1 

I ' ' * 

■■ 1 


II 

KiititU* 

T'l ' 

■ i« 

■ P'l 

il 


;i ' ; 

(Ouniuvdt 

1 " ■' ■ * " 


■ "..I 

1 1 

1 . . 1 

« 

111 - 1 ■ 

Koilliaiu 

1 1 

•' i 

,1 

• • ; f 1 < 

1 1 ■ 

f i ■* 

: 1 

I 1 in 


... ! *25 

1 . ■ . 

i I '■! 

Kiiiiiix* 

Knilltiiii* 

;; i.> 

■ 

1 

1 " 1 1 

1 1 1 ! 


II ! 

Keillmu* 

I'l" 

1 

#■» 

J ■ . . 1 


1 1 > >1 

KVillinu. 


' ,1 

! 1 .> 

‘ 


1 1 '1 

Ki‘illmu* 

• i ' 

It 

Jl 

7 1 ' 

• • 1 

I ' ’! ■ 


1 ■ 

1 1 ■ .1 

Krilhnii* 

Ivoitnvito* 

jii i" 
..- ..| 


* 

;i ;> 



Knillimt* 

. ' 

1 ' f 

■ 1 



l{(‘in(*nkn* 

#■'■ ,1.1 


.-■■4 

11 -.. 


■ 1 . ■ 

h'l'lllmii. 

1 i I'l 

1 : 1 . 

1 

ii.’* i".'" 

1 ! ■ : 

li- ■ 

.. . 

; 1 . ■ ■ '.'20 
1 ! 

Rniiieeko, 

lltilavtMirlz, 

■1 i 

. „ . 1 






Intikoi 

! 1 

!i 1 




• M* « • 

t*4k«l| 

Liilkn. 

1 



• t * 1 1 « 

4*1 « f * 


iaitko. 

, 1 

1 





l/iit'kot 

■1 . i 

, 1 





Di'itko. 

1 j 

j 



»♦»*•* 

♦*»**« 

Ijiiikti* 

" 1 

ll ' 

! 



M4 ((I 


LVii'ke* 

1 

1 ‘ 




‘ 


.Lliiko, 

,1 

! 1 




4Hir»* 



: 1 




J 


*«• t * 4 


laitiko. 



J 

«««*»« 

411444 


Witko* 


. . : 




♦♦•I** 

Jiiii-kOt 



••••»» 


«Mf«4 


Liilks 

.1 

,1 

j 


« 1 1 < 

44 It** 


.Liiiko* 

1 

1 

••••.• 1 

■ ■ 1 1 t r 


4M4t» 

4 » # t « « 

Tjttilio* 

iiwTi; 

•] 1 

78-2 

IHO 


11-9!) 

ZAwfilka* 

:j78 ll) 

- 2 

78*2 


**M«* 

» 4 * 4 » » 


Jl 

li 






lyiilko. 

!' 

!i 

■1 



»***«* 

1 44**4 

•**««« 

Tiitlcot 

.|70 04 
.ll 78 47 

— (i 
-14 . 

' 

79-1 

1 ••• ■ 1 * 

1 

1 

riiWituttiioff. 

Liiiko* 

||79 42 

•. 1 

- 0 j 



1 

PnklitiiftHoir* 

'|79 17 

. - 2 






Ziwolka* 

il 

i 

1 


i 

1 


1 

1 

1 . 

Tiiiib. 

i 

i 

1 




1 


i'jBO U 

- 2 

1 80-2 

1 

1 



j Z/uvdlkfi. 

1 



i 

■ M 1 ■ i 


1 ail kit. 




1 



jj'l’nkljLnHsoIl* 

ii 



1 



ijPnklilii.'-siiir, 

I. 






1 Dakin iih.-''oir. 







;■ liiil.kc* 







i;?iiklil,u.«iso(r. 

1 

1 



1 



■| Ciil.ke* 





i| 

il 




1; DiikiiLiis.solC 



G-MEEAL SIE ED¥AED SABINE ON TEEEESTETAL MAGNETISM, 
ZONE VIL-~Lat. 70° to 75° N. (continued). 


417 






Declination. 

Inelinniion. 

Porce in Dritisli units. 


Stations, 

LaLN, 

Long. E, 

Date. 

Ob- 

Borved. 

Correction 


Ob- ' 

Horvocl. 

Oor, to 


Oh- 

Ckir. to 


Obaervers, 




to Epoch 
1842-5. 

Corrected. 

Upoch 

1842-5. 

Corroded. 

served. 

Kpocli 

18.12-5, 

Correoliod. 



0 / 

J / 


0 / 

0 / 

0 

0 f 

/ 

0 





rijmrt TVTnllni* 

73 37 
70 25 

70 25 

71 07 

57 40 

57 45 

68 17 

58 30 

] 835-5 
1824-5 
1824-5 
1835-5 

13 50 E. 
12 43 E. 

11 00 K 

14 50 E. 

0 45 E. 

1 52 e. 

1 .52 E. 

0 45 B. 

14- 6 E. 

11 - 7 e. 

12- 9 E. 

15- 6 E. 







Piiklitusaoir. 

Af. sifln, 







liillke. 








Ijilike. 

i A-v::.-.':.' IL\ 



...... 


• 1 


PaklituHSoir. 

1 ,*:. ■ i','. ... 

71 U 

69 25 

1835-5 

14 10 E. 

0 45 E. 

14-9 E. 






1 * 4 » « k 

Mil*. 

J’nkliiusHoir, 

■R. 

73 50 
71 05 
7-' 07 

93 27 

94 52 

95 29 

1843-6 

184.1-5 

1843-5 




82 12 
81 27 


82-2 

81-5 




1 M M I 

11 'Dl) 

MiddmidorL 

Middt'ndorr. 

Mi.-.VN 




81 .111 


HIO 


ft » * 4 • 4 

12-9(1 

Mitldi'tidorf. 

li.Thii i-r : 

71 17 

05 40 

1843-5 

21 51 E. 


21 -9 E. 

82 16 


82-,1 




MitldeMdorfi 

j ■' ' ■ ■ 

V'..< ! . 

7-2 02 

99 28 

1843-5 

13 55 E. 


13*1)18. 

81 40 


81-7 



12-69 

MitblendorJi 

Sagaiwolv Yillngo 

Island in llio .Lena ... 

7.1 22 

127 08 

1822-0 

9 25 B. 

.1 .15 E. 

1.1-0 E. 







\Vriuig(*l 

72 00 

127 35 

1822-0 

7 00 K. 

3 05 E. 

10- 1 E. 






... Ml 

Wrangvl. 

Bulun 

70 44 

127 40 


4 30 K. 

2 35 E. 

71 M. 

80 45 

+42 

81-5 




Wnuigel 

Village VV'. ol' tlie Lena 

71 20 

127 43 

1822-0 

6 00 B. 

2 5(1 13. 

8-8 E. 







VVraiigel, 

TufOinlholmin 

72 50 

72 31 
72 04 

128 18 

129 26 

130 06 

1822-0 

8 10 B. 

7 15 E. 
6 30 E. 

3 10 E. 

3 05 E. 

2 53e. 

11‘3k 







Wi'migol, 

Tsilniifl . . . 

1822-0 

1822-0 

10*3 K. 

81 28 

“i-42 

+42 

82*2 




Wrangell 

Eiuwi (Mouth of) 

9-4 E. 

81 11 

81-9 




Wriingc'l. 

RmtIHii 

73 04 

70 55 

130 09 

131 00 

1822*0 




81 48 

+42 

H-J -6 


. - . ^ _ 


Atijmi, 

Wviiiigrl, 

Cape Sinil) 

1822-0 

5 00 H. 

2 25 e. 

7-4 B. 



4 4 

I'lKlkiiiiiiiieii (iul)ii ... 

70 42 

131 50 

1 H 22-0 




70 k) 

+42 

8ii*5 


» * k ft M 

IM. «l 

Anjou. 

Siolh 

72 02 

136 16 

1822-0 




82 11 

+42 

82-9 



1 . M M 

Anjou, 

AIoiilli of ili(* Jaiiii ... 

70 55 

136 .11 

1822-0 

3 00 E. 

2 05 E. 

5-1 B. 

79 54 

+42 

80 6 


4 4 ft k 4 » 

• «M*I 

V\‘riuigel. 

<lavow lslnvidi,-T tTt^TT. 

71 32 

71 32 

136 41 

1.16 43 

18220 

1822-0 




HO 11 

+42 

80-9 




Wmngel, 

Murawh Village 

Sl'nllirtuVti .... 

5 20 H. 

12 00 E. 

2 15 E. 

.1 00 E. 

7-6 E. 

15-0 B. 




M k ft f ft 

» ¥ 4 t 

Wrangell 

Wrangell 

AujiiUi 

74 02 

74 50 

136 45 

138 37 

1822-0 

1 822-0 



Kotelnoi .Wand ...1 
nViiiler Qiiiirlcr) i 

82 25 

+42 

83-1 

i *t r * 9 



Whnkiiia .Hay 

72 OO 

1 

139 50 

1822-0 

6 38 E. 

2 12 e. 

8-8 E. 

80 49 

+43 

815 

■ • M « * 


I Ml .♦ 

WViingel. 

! ■ I' 1 "r 

7.? 31 

141 22 

1822-0 

8 07 b. 

2 18 B, 

10-4 B. 




tt»«*« 

t* • * 4 ft 

1 t M . 1 

Wrnngel. 

1 - :!'m. 

73 54 

142 30 

18220 


• « M « f 


Hl«l 

+44 

H 2 -i 


4M Ml 

IMM« 

Wrangeb 

Ml';,!!'. 1 • ■'. r.r : ■■-■■■ \i . 

71 38 

145 48 

18220 

8 42 E. 

1 40 E, 

10-4 li 



• . I * t . 

M • M « 

f M M« 

Wmngoli 

... 

72 06 

149 20 

1822-0 

11 03 b. 

1 30 E. 

12-6 E. 

1 



Ml t f 1 

M • M 1 

IM.M 

Wraugeb 

Indigirka Eivor 

71 00 

149 30 

1821 5 

9 58 E. 

1 ] 6 e. 

11 - 2 b, 

79 22 

+47 

80-2 

M.Hf 



Wrnijgrb 

T,. '; v\-r- 

70 5(t 

l.l.l 1.1 

1821-5 

10 00 E, 

1 06 E. 

11 - 1 E. 




till.. 

» k « k 4 ft 

* <4 4 ft 4 

Wrmigel 

\ 

71 >11 

l .-»8 10 

1821-5 

10 00 E. 

1 03b, 

ll'li. 



.M... 



M 44 1 M 

W nuigil 


70 4.1 

l.')9 18 

1823-6 


« « ■ 1 « * 

• 

I 79 00 

+45 

79-8 




Wraugeb 

1 ll'!'!' 1 ... 

70 17 

I'll .111 

1821-6 

14 00 E. 

O 54 E. 

14'!) E. 1 




■ « i< <4 

t»«M ♦ 

1 *« ♦ M 

Wrangell 

'i-'iii::'' ... 

70 37 

11)2 21 

1821-5 

14 06 E, 

0 SOk. 

14-9 H. 

79 49 

+47 

80-6 

» f « » M 


« Ml . 1 

WrangeL 

-11 

, 70 13 

)(i2 10 

1821-6 

• < • t • ♦ 

*»»♦». 


78 16 

+47 

79-0 

« i f 

1 . 4 M 1 

lit Ml 

Wmtigeb 

0 .\ 

J'hi '-.r> 

71 .17 

, 70 11 

, 70 :i!l 

l-!3 2;; 

16.1 22 

1821-5 

1821-5 

14 51 E. 
14 30 E. 

0 47 b. 

0 47 b. 

15- 6 E. 

16- 3 B. 

80 17 

+47 

8M 



(MtIM 

WrangtjL 

Wmngol 

Wmngd. 

1 t:i ic- 

16.1 12 

1822-6 

M 4 4 « t 


. 

It .... 

• « t 

1 t ♦ M 1 

1 « .1.1 

44*Mi* 

Ok W 

, 71 J3 

llii; o| 

1822-5 

15 on i:. 

0 54 E. 

16-9 B, 



f 


t»M<l 

*M*t4 

Wrnngcl. 

Ui: !.:r 

, 7 1 34 

liiC 41 

1822-5 

, 17 00 11. 

0 59 b. 

18-0 B. 




!«#«*» 

..Ml* 

III 4,* 

Wmttgoh 

On ioA 

, 71 62 

166 61 

1822-5 

1 18 45 E. 

1 00 b. 

19-8 B. 






1 II 1 El 

Wrangell 

Wrangell 

WmngeL 

Wrangell 

Oti ice * ....... 

. 71 60 

167 11 
167 54 
170 00 

1822-5 

i' 18 45 E, 

1 00 E, 

19-8 B. 




f ». 1 M 



Dn i(»e 

. 71 18 

1822-5 

18 00 E. 

0 54 E. 

18-9 E. 




I.Mfl 



]co, dislaiifc irom elion 

.',70 53 

1822-6 

18 40 B. 

0 42 b. 

19*4 B. 

81 09 

+40 

81-9 

If l« *• 


*« M M 

Siiilioii 

.''70 53 

! 170 31 

1822-5 

18 48 E. 

0 42 b. 

19-5 B. 

79 58 

+46 

80-7 


• .Mil 


Wrangid, 

OaiK' Selii'lfigskoi 

. 70 0:1 

171 03 

1823-5 

18 03 E. 

0 30b. 

18-6 B. 



H M .1 

* Ml #1 

M t M < 

M « • M 

Wrangol 

Kosinin .lluek .711 0! 

. 171 .1.1 

1823-5 

18 00 B. 

0 28 E. 

18-6 K. 



t»«4 M 

lit..* 

1 M* M 

M M M 

1 Wrangi'.li 

Mini ion 

.,70 20 

■ 171 13 

1823-6 

21 30 E. 

0 28e. 

22-0 B. 

.«*4 

♦ IMM 

H..! tl 

* M I .1 

M M M 


. Wnngol. 

.\l son 

ho 54 

1 184 20 

1819-5 

29 44 E. 


20-7 E. 

1 



1 



ll KilK-ti.. 

At Hra 

.,70 27 

' 18.1 41 

; 1819-5 

■ 27 56 j:. 

-1 

• 27-9 E. 



1 

i 

1 


il'Ki'lli.-li. 

.\l sen..' 

.,70 40 18(5 02 

: l,S4!l-5 

: 28 13 E, 

.1 ..... 

28-2 r. 

1 

1 

1 


1 

i 


■Vi . 

. 70 IR; IK(! A{\ 

; 1849-5 

il8l!)-5 

■.1014K.I 

1 .10-2 E. 

\\ 

1 


,1 

! 

j 

1 

i 'Ivi'lli-Ll. 


1 

: 70 |1:I 

1 

' 188 no 

' 29 07 F. 

1 

i 

! 29-1 

i: 

1 . ..jj. 

1 

1 

i 

1 

i 

1 

1 

j 

1 : 

■ KclVd, 

\ t Sl'f.l . - , 

470 5!)' IHO .13 

1 1849-5 
1849-5 

it2 r)7 i: 

i ■ "■ 

, 33-0 1:. 

M 

1 

1 

i 


1 

1 

'1 Kcilctl. 

!i Ki'llcH. 

Ai soft 

.;70 00 ' ino .54 

■29 .'Me 

1 

1 29-6 E. 

1 

j 

! 

k p 1 4 1 < 

1 

1 


70 Ofi Ul2 27 

1 1850-.1 

1 

:;W IGr 
|| 

j 

1 32-3 E. 





1 

i 

iKi-IU'1.1. 








1 

1 



3 M 


IIDCCCLXXII. 




as . aMEEil SDJ EDWAED SABINB ON XEEKSSTEIAL MAGNETISM. 


ZOME Vn.-Lat. 70” to 76” N. (continued). 


1 1 

1 1 , ])('clmatioiu 

hii!liii;il-ion. 

1 Eori'i* ill ilriiUi iiiiil.^. 

i; 

.Lit. S'.. Long, E. , Conroi ion . 

:■ Ai k\ 

^"*1 .I'lporli Coi-rorloil. 

■j / X 1 |( (ir, li)| 1 

1 ' 1 IMmocIi I (lori'i'i'li'il. 

1 1 M-*.» ■ j 

, UltHl'I'Vc 


S:>;> 

1 


1 

1 


(‘iillinsdii. 




Ki'lldL 

K-IIHI, 

Ivdlril, 

KHIHI. 

IIi'i'i'Ih'V. 

Kcll(‘il. 

Cullinr-nu. 

Ci'IliiiMiri. 
( NiIIiiimmi, 
^ 'oIliM.'lMl. 




85*2 1: 


('(jiliiiHiii. 

I'niiikliii, 


I'llliiiHori, 

('iilliiiM)ii. 


CiilliiiMnn, 

(VliMKnil. 
■rdlliiiMm. 
l| (killiiiriiin. 
ij ('(»lliii‘'ini. 

li 

' rolllnsuii, 


Owllnirtoii, 




















8£3mAIi SB EDWAED SABINE ON TEKEESTEIAL MAaNEIISM. 419 

ZONE VII.-Lat. 70" to 76" N. (contmued). 


1 . 

■ ■ ■ 1 ' 

J i 2/ 


!'l. .) 

II, 

11 ; ■ . 



."■..I 

!■; 1 ;; 


! 


.'li ! 

71 i:- 


1 r 0 


I■^; 1 . 







- 

ft 

V. 

«'i 


! ''j-i II 

. 

i:'. " . 



*"*■'# 

1 


1.,':': 


Is. 1. 

;i 

-'I*.* 

1 

i '■ 1 i / ... 


•• 1 ‘ 1 1 


' i 




■ . ; ■ 



1 i il 

:.ii II 

I^.f--' .1 

Ill 

1 r» 



;■ »■ \ 




1 ■ " ■ 1 1 

1... . ... 

.'i :■ 

:V-' .;■! 

I - 1: -.. 

M'l 3'* ... 








. 

Ottice 

74 55 

255 48 

1810'6 



■ 

m 29 


88-5 




Hnlmio. 

Omimmnoy* 

Onuininncy. 

Ojninaniny. 

ColliuHon. 

On ico 

74 30 

267 60 

1857-5 

170 40? 


179-7 ? 





0 ~ 

7 :'. 0.1 

258 17 

1851-5 

168 40 m. 


168-7 K 







1 " ■ ■ . 

00 

258 21 

IHOl-S 

169 07 m. 


160-1 M. 








;;; oa 

258 52 

1851-5 

170 57 B. 


171-0)4. 







1 1 , ■ 
{moanol'3ol)s.)...| 

70 14 

258 53 

1851-5 



80 30 


80-5 




Princo of Waloa Land 

73 37 

258 55 

18.53-5 

172 00 m. 


172-0 M. 







Cunniumiy. 
(jdllinNon. 
Ommiuiiiny. 
i Icllitisdli. 

0»' if*/' 

70 08 

258 58 

1853*5 




80 26 


80-4 





7;i oc 

260 08 

1851-5 

171 38 


171-0 







riri-;.' Oi |..i: ; 

;o 22 

2.50 15 

1853-5 




80 20 


80-3 




7 ' 01 

250 63 

1851-6 

160 20w. 


166*3 -ff. 








«« 4.M 

(Onnmunoy. 

ItetingPlaco 

73 55 

2(10 35 

1851 -5 

lOll 35w. 


103-0 w. 

88 10 


88-3 




Oinnmnncy. 

( Oinniunioy, 
Onimimncy, 
(Oitnmiincy, 

Princo of Walofl Linid 

73 50 

2(i() 51 

1851-5 

160 02vv. 


150-0 w. 

.. 






Princo of Walois Jjiuul 
Capo Wallcor 

74 03 

201 35 

1851-5 

160 09 w. 


100-1 w. 







74 0(1 

262 22 

1851-5 

157 33 w. 


167-6 ff. 

88 11 
80 50 

80 52 
80 40 


88-3 

000 

80-0 

80-8 




On* Imid 

70 05 

203 14 

1831-5 





• * » * * 1 


On ico 

70 11 
07 

263 15 

1850*5 






ft M 4 41 

♦ 4*^ 1 4 

O’* 

203 25 

1850-5 




■ »««** 

• II 

« M M I 

« M 1 f 4 

ft f ft ft ft ft 

1 > ■ 

7i 08 

203 30 

1850-0 




80 13 

...... 

80 -a 

« I* I 1 » 
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89*2 
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t 
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80-3 

* 
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1851-5 

1850-6 

153 OOff. 
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163*0 w. 



80 OI 


80-0 

X M t 4 * 
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» < 1 1 1 . 
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Oininunncy. 

M*’C'linUK'K, 

(>;i -.li. 

11: i.-i-. ’ 



73 22 

264 18 

1840-5 


* * • » t f 

#♦«*♦« 

88 27 


HH-5 


« 4^ 

* f f 1 rt 

llOHH. 

71 37 

204 20 

1850-5 

**•*»« 



87 53 

• *« M . 

87-0 

♦ i * 1 M 


*«« 4i* 

li. 0* Alien. 

On the boacli 

I 73 12 

204 20 

1840-5 




88 31 

87 63 

88 14 


88-6 

87"0 

88-2 




IlOMHa 

Onnnminoy. 

’liOMN. 

Ov. 

Oi; Iv;. 

71 3(1 
7.| "1 

?0I 42 
2.;i 40 

1851-5 

18.10-3 

4 * t • 



* i 

12-30 


i«4 1 4t 

13-30 

4 4 • 4 > . 

' 1 iM f! 

' \ 1 :!.■:! 

1 1 3ii 

71 .tO 

;>'M 60 

201 52 

1851*6 

1858-5 

138 OOff. 


138-0 >r. 

87 58 

88 12 


88-0 

88-2 

1 1 1 1. « 


f 

*••44* ; 

1 

1 

OjiiniJiiiih'y mill 
' Ailcn, 

; .'‘I'l 'linmcii. 
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72 OI 

I'lij 40 

1858-5 

135 47w. 


135-8 -ff. 

88 27 



88-6 

1 K 1 * » 


4«4»4a 

j M''(.’lii)lock. 

DoiViliPfir 1 

jNV.'jr JijloL, [ ( 

on ice J j 

72 01 1 

26.5 40 

1868-.5 

1 



88 23 



88-.( 

1 •■■III 




74 43 1 2116 41 

18.50-5 !'I4I 17tt.l 

141-3 

'87 3-1 

1 


1 87 -I) 

1 

■ 12-.'!.3 


12*33 |j Oiiniiiiuni'y. 

Oil ilu* bcacli ' 

/ .J 08' 

267 00 

18.l!)*5 

1 


j 87 .‘1(1 

^ j 

! «7-() 


1 

1 


On llic liciich ! 

74 «>! 

267 57 

18.|i)-5 ' 




1 

87 4 . 4 ' 


87-7 

j 

1 

1 


yhoriirs .Uii}' ! 

1 

70 01 ■ 

268 Oil 

1831-0 

90 12\v. 


96*2 w. 1 

'1 

;89 Oil; 

j 

i 

80-0 

1 


1 

.iiOMli. 

On lanrl 

72.17; 

268 00 

I825-:) I 

120 24tt-. 


129-4 IV. 1 

1 1 
' 88 19 

j 

i 

S8-3 

! 
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74 40 

208 12 
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1810-5 . 



1 
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1 
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1 
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1 
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208 17 
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268 40 

1S25-0 'il28 2.1\v.. 


128'4 w. 

HS 02 1 


88-0 ! 



i 
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On llie bciicJi 

7-1 02; 

268 53 

18(0-5 1 



87 30 
1 


87-6 

1 



JJiirrow’rt rilivail 

74 37) , 

2(18 55 

1850'5 ;;i;i5 21\v.! 

i35-4w. 


! 


1 

Kr/fvf 1 

1 Jinmnnui'y. 

On ice ! 

73 23 1 200 07 

1825-5 I, 

125 3(iw., 

125-0 vv. 




' ... . 1 


i 

.l?orl; Leopold 

j 

73 52 1 

200 43 

1849 0 

1 

.| 

120 13\vJ 


120-2 w. ! 

! 

87 38 


87-0 

ii 

II 

13-05 ! 

j 


13-05 \ 1 

1 ■ linm'ii. 
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72 45 1 
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88 27 ■■ 
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i 
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I 1 

i 

88 26 

i 

88-4 ! 
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i 
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270 58 
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1 

1 
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ZONE VII.— Lat. 70* to 76° N. (continued). 


Smiintis. 


iLat--. N. Lon;;. M. . ■ 


Dcclinalion., 


( ‘on’Orliun 


■ to iCpoifli 

isjLm. 


Neill's riiirbour 01) 270 .)0 

Poi'llJoimi jz;* 1-1 27 \ 0,1 

. ■|i!..'5ilioi'e. 73 33 2/1 -1^ 

Cline AViin’i'iuli'v j 7-1 2 S i/K 

ItuiTow’s iiilniii' ! Z-J 22 >. i/S .IS 

Oil iui; ' Z-l i*(i 2/0 iiil 


1S2.VO llS IDw, 
lf2.rn 12-1 0 ()a\._ 
ISllM 1 1,1 3Zw. 


.IS2-l-r) HM -ISw. 
IHo/’o .lIOOOw. 
ISIDV) .100 ,18^v. 


.A!; .‘^cd 

P 

0.:‘ l i;t (■■»'. 

^ Loo re 

On .-^iioro 

On shore 


Z1 4/ 2.S0 3;! ISoO-;! 101) l;nv. 

73 31 j 2S2 38 ! IHlO-ii m .IZw. 

72 f)i; 2H-I 30 ilS;lS'5 .103 3hv. 


.. 71 Hi, 2SS -13 
.. 70 22 201 23 


On ice =70:151203 07) 

.liiillinsJlay 74 52 | 20-i 15 

On ire 72 34 ' 2!l7 52 

Otiioe : 72 28; 208 33 

On ice, ]J,Tds Mlniifc ...1 70 5(i i 200 08 


1820-5 i 01 28 w. 

1820- 5 ■ 80 50 w. 

1818-5 I 8() 5:J\v.| 
1857*5 01 58\\'.i 

1S24-5 . 83 2Imv.! 

1821- 5 I S3 00 w.: 

182.1-5 78 2.1\v.| 


On ire 7102! 

On icii 73 03 

. Tw in IV, Inn’s :i;iu' ....T-J! nil' 

On i«‘ ! 71 Ki, 

On inn 1 7-1 iiHi 


2 !)!) et IiUlM-.’) ■' 77 13 w.. 
3 !)!) -IS) IHlihl S 3 li.nv,. 
:«(ii Oil -isio ri i W) 


;j(io .‘KS 


78 50 w.' 


1 On ieo '-y-l 3.5 


300 44 1 1818«5 | 84 ;!3\v.: 

300 l« 'iSllhl ! 7'1 30 w, 

301 02 ;lH48*r> ' 

I' II 848-5 ■ ■ 

.‘loi !iSiiO -5 I I 


llS-.Siv. 
13 10 IV. 

115 .|i IV. 


10 1 8 IV. 
llOOw. 
107-0 w. 

lOD'Jt w. 
lOH-H IV. 

lO;!-.! IV. 


InoUniitimi. 


1 01^ 


!. 1 


|i H-l .'!!) : ! Si -7 

I I I 
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■'•HI ir> i s-i'S 
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i 
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1 
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1 

■1 

1 
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■k;|. 1!I SOS Sl).8,| 
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Parry imd 8ul)iin*. 

Parry. 

8 ;lirni‘. 

( )itiniaiini'y. 
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I 

Sal 4 1 '.r. 
i Sjiliiia'. 

.! ^idiiia-. 

■■ A)i-('liniiu*lf. 

■ Parry, 

: Parry. 

: Pnrrv. 


ji Saliinr. 

'■ Suliinn. 

' I'liri-V. 

I Saliiiu‘. 

! SfdiiiK'. 

J ItrnWi). 

’ liruuM. 
i| IJ.. ('. , A Ill'll. 
Oiniiwinin'y. 


On iec '74 14 : 

At' Hpu (3 nhservatitnij*) 74 20 ' 
Atsra j 71 30 ' 

JliillLn\s Three .Lsknds ■ 74 01 1 

i 

Tsiotin iringsloii l?ny.! 7 .‘) .lO 
.-U. sea obserrslioiiii)' 71 50 : 

On ieo 73 33 ■ 

On ii'« 1 73 37 1 

On ieo ; 73 i 8 | 

: I 

On ico , 73 i-1 1 

.-U acii ('2 obstTviiMimeil 73 33 
On ice . 73 10 , 


.101.30 '18.-.7-.1 87 00W. 

301 5i . l8iS-5 i j 

3015.5 |lSlS-5j' ■ 

““ii'SIG!.!.'!'': 


303 OS 
303 37 
303 38 
303 53 
303 08 

,103 11 
303 17 
30.1 30 


UjKVimvik 72 47 1 30.1 57 


I IS50-5 j 

' 18iS-5 ■ 

,18I.S-5 I 80 01 w.; 

; 1848-5 I I 

ilSiiO-a ■ I 

1818'5 ; 78 35 T,-. 

1S4.S-;) : 

; 18.10-5 j; 

1818-5 |: 

1 18.')3-5 ll ; 

118(51-5 73 I3^v.' 


ProT(!n 172 23 304 3o{| 

Hare Island ,70 2(5’ .105 08 ^8 5 8-5 

On we 7102| 305 47 185 8-5 

IforsterBay '72 40 1 338 00 1832-5 


83 24w.l 
71 .58iv. 
75 30w. 
45 OOtv.i 


SiJOrcsby'fl Stralfca 70 25 338 18 ! 1822*5 ! 43 24 wJ 

At sea 71 SO 389 17 i 1833-5 I 43 2-1 w., 

““'’{iSt 

'Ah sea 78 17 342 20 1822-5 48 16w. 

i.OaolHamke'sBay ...73 54 343 20 1822-6 42 OSw. 

On ice 73 21 343 65 18(58-5 41 2S\v. 


87-0 w. 


80 - 7 IV. 


80-0 IV. 


83-4 tt', 
7-2-0 vv, 
73-5 w. 
46-0 ff. 

43-4 w, 
43-4 w. 

1 45-1 w. 

43-3 xf. 
421 w, 
4 1 -4 w. 


sss Oil H5-1 

; 8 .| 37 i 

5 ‘tlH 4-0 

1 83 -17 ' 8,5-8 j 


; 8.1 27' 83-5 

1 . 8-1 . 50 1 ' 85-0 


82 4.1' 83-7 

83 23 ' 8 . 1-4 

8.1 34 1 1 83-15 1 

83 43! 83-7 j”*"' 


82 67! 

I 


’82 49 1 « 5 J '8 




ll M<-I)Mii/'idl, 

;i linhiiMoii. 

!' liniiitirolt. 

!l 

I'jH. Aihi. 

ij Oniiiianni'y, 

! Siihiiii'. 

. Ivnnvii. 
■[{.('.Allen. 

Siiliiiu', 

[{nliiiiMin, 
OiDiMMunry. 
j [{(iliitiaon. 

JIn)i'rt .[{■addifl 

Kane* 

Somiteg. 

Sabino* 

Snbin(5, 

ScovoHby. 

Rt'ovoftby, 

: iSeoresby. 

' Mabine. 

I (.’ll)M'laTUl, 

I'l fiaon'.ihy. 
j; iS(‘f)ri'sl)y, 

ji Co|)oliind. 
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ZONE VIII.— LATITUDE 75° TO 90° N. 


Authonties, 


Lomstriini 

Cliyclcnius 



Swedish Academy of Sciences, yoI. viii. No. 8. 


Dock and Moyer . . -j 

Keilhau v Hanstoen, Eos. Mag. Eeob. (Christiania, 18G3). 

Wrangcl and Anjou ) 


Erankliii 
Fislior . , 


j- Beoehoy, Yoyago in 1818 (London, 1843). 


Sahino Tendnlura and other Experiments (London, 1825) ; and l'ari 7 ’H Yoyago, 1819 and 1820. 

Parry and Po.stcr. . . .Parry’s Yoyago, 1827. 

Oaimard Yoyages on Scandinavie &c., 1838-1840. 

Parry & James Eoss. .Parry’s Yoyago, 1827. 

Liitko MSS. in Magnetic Office, received from Admiral Count Liitko. 

„ . f In Eolavonotz, 1871 (in the llnssian Language) ; and MSS. in the Maguolic Office, 

a c r usso received from Admiral Count Liitko. 

Johannoson Petennann, Mitthoiliingen, 1871. 

Allen MSS. in Magnetic Office, received from Mr. E. C. Allen, E.N., Master of the ‘ lloHolute.’ 


Eelchor MSS. received from the British Hydrographic Office. 

Kano ' 

Hayes 

Sonntag ■■ Smithsonian Contributions, vols. x. and xv. 

Eadclilf 

M<-'Cormiclc 


Ommanney 
M'-'Clintock 
BoUot ... 
Eohinaon . 
Brown . . . 


. .MSS. in Magnetic Office, communicated by Admiral Onunaiiney, 

. .MSS. in Magnetic Office, communicated by Admiral Sir I.oopold M'-'Clintock. 
. .MSS. in Magnetic Office, communicated by Admiral Ingleiiold. 

I MSS. in Magnetic Office, communicated by Lieut, Eobinson, E.N. 
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ZONE VIII.— Lat. 75“ to 85“ N. 


Declination. 


' " . ... 

- :.!■ 

.1 -• 1 

l.'-'i- .1 


r i;*.'. 


1 , ■ , , . 

!> ::i" 

:■ . ■■ 

I-: 

f " -1 

1 1 ■■ ■ 

I"; 1 

■■■ . 

1 ' 

'III' 

1 ' 

1 j 

1. ■ > 

. ■ 1 

:* 1 :■ ■■ . ■ 

ill / ■■ 

■ ■ ■ . 

. !■ 


.1 




!■ .. . 

■I. I-j 

l'" 

,i 

\> .'1 . 


... 

J)nt|nQ ToTfi"fl J 

79 40 

11 06 

1818-5 

24 30 IV. 

2 48 k. 

21-7 IV. 

.Sj.mI' 

7ii 40 

11 07 

18li8-6 





.V l l.iTi. ... 

7:i 44 

11 10 

I8liB’5 

19 31 \v. 

3 02 IV. 

2‘2'(i w. 

.i: ■ 

7!' 34 

11 30 

1818-5 

24 30 IV. 

2 48 r. 

21*7 w. 

Jlrio-; 

rt' 42 

11 32 

1861-5 






f 

1773-5 




Norway Island 

79 50 

11 41 1 

1823-5 

25 12 IV. 

2 18 1;. 

23 0 IV. 



1 

1801-5 




Kinrt Bay 

78 57 

11 59 

1868-6 

18 32 IV, 

3 02 IV. 

•21-6 IV. 

On ice 

79 60 

12 00 

1818-6 

24 12 w. 

2 48 k. 

211 IV. 

On i'’*' 

79 57 

13 18 

1827-6 

22 42 lY, 

1 45 k. 

21-0 IV. 



{i\ 

14 07 

1861-5 




(Ir 1 

:s ni 

14 13 

1868-5 

16 14 IV. 

3 02 iv. 

19-3 tv. 

Oni- 

7!) ii:j 

14 34 

1827-5 

24 12 w. 

1 45 K. 

w. 

1.1/i S ■■■. 

77 Ji'i 

14 34 

1840-0 

20 36 IV. 

0 28r,. 

20-1 IV. 

Smil'.Vi n«nft 

70 00 

U 38 

1837*6 




On m 

79 41) 

16 26 

1827-5 

isTTw. 

1 45 r. 

17-1 IV. 

On ice 

79 50 

15 315 

1827-5 

18 11 IV. 

1 45 E. 

KM w. 

Advent) iiny 

i;i 

15 58 

1868-5 

14 42 ir. 

3 02 IV. 

17-7 w. 

JBciir Muid 

7.'i 

16 00 

1827-6 

(«♦«.« 

****** 


On ifio 

8l 42 

16 35 





Trau'onborg IBny 

79 67 

16 49 





IM.'i Ci)\T 

79 55 

16 49 [ 

1827-5 

1861-6 

18 -i(i IV. 

i 45 K. 

17'0 IV. 

Vif'.'lo^cu Kook 

80 03 

16 54 ^ 

1861*6 




On iop 

82 14 

17 18 

1827-6 

22 23 w. 

145i;. 

20 (J VI', 

SintilM 1 

79 Hfi 

17 29 

l?‘27-5 

17 49 w. 

I46i:. 

16-1 w. 

I.yoni ]j»iy 1 7 1* 2(i 

17 45 

l'(il-5 


•««.*. 


On ice 

82 Ol) 

17 4(1 


! i’ll -17 

1 45 K. 

l!I O w. 

IJoar liiiy 

79 37 

17 54 

i82;-:> 

i i; 20 

1 

1 45 K. 

liVO w. 

On ice 

8l SB 

17 56 

1827-5 

20 25 lY 

. 145e. 

187 w. 

Depot Island 

80 00 

17 57 

1801-5 




Wliales Hoad 

77 20 

18 00 

1827-5 




Loom Buy 

79 38 

18 07 

18(58-5 




low Iflliincl 

80 17 

18 12 

1827-5 




low laland «... 

80 20 

18 23 

1861-5 




PcjHlor*t} Miincl 

79 35 

; 19 17 

1827-5 

" 1.1 40 IV 

. 2 15 1:. 

13-1 \v. 

On ice : 

82 40 

■ 19 25 

11827-3 

1 18 10 IV 

2 15 1). 

i 15-9 IV. 

Walden Island 

80 3<l 

, 19 51 

i 1827-5 

117 42 \v 

.1 2 15 E. 

1 15-5 IV. 

On ice 

8l> ;o) 

19 52 

1 1S27-.5 

1 

i; 19 05 IV 

li 

2 15 c. 

I6'3iv. 

North Cape 

so 3l 

20 22 

' 18(58-5 

■1 


i 

Ofl iOrO , 

82 27 

20 32 

' 1827-5 

|'17 28 IV 

2 30 K. 

1 15'0 w. 

Hitilopen Bttait 

79 03 

21 02 

1 18(58-5 

.ilO 26 II 

-.i, 3 54 w. 

1 1-1-3 IV. 

1 

On ico 

1 81 22 

21 33 

1827-5 

!i15 31 IV. 2 .'50 11. 

1 13-0 IV. 

On ice 

82 14 

22 04 

1827-5 


' 12-6 IV. 

On ice 

82 03 

23 17 

1827-6 

ll 

• 13 41 II 

-. 2 30 E. 

11*2 w. 

OnioQ 

81 45 

24 28 

'1827-5 

13 16 II 

2:I0k, 

10-8 w. 

A,t flea 

75 50 

42 30 

' 1824-5 

1 3 r, 

1 48 r.. 

1 5*6 11 , 

At flea i... 

. 70 05 

44 00 

!]a24-5 

4 16 r 

1 43 r. 

C l r.. 

; AtseaiM.... 

. 75 15 

46 50 

1824-5 

* 7 28i: 

1 48 y. 

i)-3 £, 

At sea 

. 75 4fl 

57 58 

1 1822-5 

15 00 E 

. 2 00 K. 

17-0 E. 

■At soa..(.. 

76 28 

58 SO 

1823-.5 

1-J 00 > 

. ' 1 54 R. 

l.rO i:. 

Berg Inland ........... 

, 76 6fi 

58 52 

1 1835-5 

' 15 00 1 

1 0 42 v 

15-7 E. 

‘ Hare Wand 

. 76 5i 

58 56 

1 1835-5 

1 15 00 E 

i 0 42 K 

15*7 E. 

Nora Zembla.,., ....... 

. 76 32 

59 30 

' 18220 

12 34 F 

. ! 9 V. 

14*6 u 

Nova Zembla 

76 48 

79 00 

1 1870-5 

30 30], 

* 

I 27-7 E. 



Iruilinutiom 

, Force in .'llritlHh unitH* 



1 



01)- \ 

served. J 

ior. 


Olw'rvorwv 


■■ ■ 1 



'Ipoi-h 

842-5. 

CoiTOkd. 


f itj 

. ■'*. 

i,.i. ^ 




I 

LcniHtnlni, 








LtmiHlWlni. 

'■'1 


i'l 




LoiiiMi-rdni. 

i 

■ .■■■' 

1 

1 '■* 

11-07 


11-07 . 

ISi’tck and Meyor. 

h| 

1 /.I 

1 ■ 

. 1 

'■ 1 1 " 

U-53 


11-53 

LoinHiridn, 

8 

1 

031 

- 21 i 

so -7 

U-lill 1 

j ll’lid t' 

l*’l -lii'i*. 

80 00 

i2l5 , 

SO'/) 1 

1 1 

1 

l.nu;-l I'oni, 

80 01 

•rJI! 

so-n i; 

1 1 

1 

Lem •It’Min, 

SI 02 

-2.1 , 

so-c 



1 

1 II 

l'’l ilu'l*. 

80 27 

4-19 1 

SO'S 


i 

\ 

1 

1 'liydoiiiii.i. 

‘s 

L> 00' 

-69 ' 

SO'9 1 " 



1 

11-70 i' 

fllijijl 

•81 11 

-10 : 

SO’!) 80-9 

n-70 


SiiImiii*. 

SO 

-hilt ; 

SO'i) 1 





^ ‘liydiMilii't. 

so 00 1 

-1.21! i 

SO'.l 

11-51 1 


11-51 { 

l.oin li'i’nu 

81 28; 

1 

-2.1 1 

81' 1 ! 



;i 

l-'i-.lu-l-. 


1 

1 

1 

1 


1 


1 ! 

I'tirrv nml I'’i> A or, 

[ HO 2;i ■ 

+ 19 j 

8117 



I! rii\iioiiiti 1 . 

80 13 ; 

.■1-26 

<S07 

1 

Il’-I2 |j l.i'iii.-lri''iii. 


1 

1 


1 j 



1 urn , 

i.79 38 i 

■ 1 

- *i 

1 

79-6 

.11-0(1 

' 1 

n-oii ! 

It'n'k innl Mcyi’i*. 

!79 51 

-.15 j 

79-6 

11-51 i 

Il'nl 

Ki'illiiiit. 


1 

1 







. 
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ZONE VIII.— Lat. 75 to 85" N. (continued). 



Declination, 

1 [nclination. 

Force in British units. 


Stations, 

lat,N. Long.B, Date. 

served. 

Correction 

to Epoch Corrected. 

1842*5, 

Cor. lo 

BPi-irwl Corrected, 

serred. 

Ob- 

sorvod. 

Cor. k) 
Kpocli! 

Corvcctecl 

Obsorrora. 


Bolkow Island 

0 / 

75 52 

On ice 

76 36 

Onico 

76 02 

Cnpc ‘’^Terpowoi 

75 47 

Bivor Mutiiuia 

73 13 

IToalb ,.r (!'elT-,itr.r>’:r.' 

7.5 04 

r:i|V* 

7."> 06 



75 06 

Al 'lii!!-' 

75 13 

■M.':-:!;.? 

1 

75 03 


7.'! 21 

f ■ ■ 

7.i 12 

1 i . > 

;5 03 

I* ■ 

.1 1 ■ ' 

10 

Harbour Hill, onshore 

76 51 

V ■T’ ■ . 

76 67 


7i 43 


■ . .. .-i 2S 

i" /■! 27 

!.■: . 16 

■DO'V-'' 1 77 00 

J 7 34 


I'! '.'. (i! U!'.:'- 


76 04 




Boftigonay 76 IG 

I, .ml ; 

7 lJ 56 

K'Aiil ;6 58 

.\r i'jiii Viii-Lor ■ 7(1 52 

Floe, Bamg Bay 1 7S 37 


^4 II I I If ^ 


.■jMrr irii'.'.d 7 fi 18 286 54 

Cnvii't lin-.vl..~ 7 !) 44 286 .54 

M,.r' 711 43 286 B8 

Ton 78 18 287 00 


?iv,;i‘v C:i«,p '70 30 

C'lry I'liiiul' I'l 45 

Oil W 76 30 

rti!i!|) 7!) 04 

iforiilnuntcrlttiul 77 II 

Cntnp iScpaniiiuu 78 53 

Liisiii Oauip 78 38 

Cnpc Orhinoll 78 M 

Foggy Ciunp 79 55 


OliKJPvalary, BujiS' 
Bolacr Hiifbour ... 
IoeoffV\roiBteiibiobne 
Island 


136 50 

1822-5 

137 26 

1822-5 

138 53 

1822-5 

143 33 

1822-5 

149 S3 

1822-5 

ISO 34 

1822-5 

ISO 53 

1822-5 

248 03 

1820-5 

248 10 

1820-5 

248 23 

1820-5 

249 27 

1820-5 

254 02 

1854-5 

254 06 

1819-5 

256 16 

1819-5 

263 00 

1852-5 

263 05 

1852-5 

263 15 

1852-5 

264 00 

1853-5 

264 05 

1853-5 

264 10 

1852-5 

264 57 

1853-6 

265 03 

1852-5 

265 1,5 

1853-5 

205 16 

1853-5 

♦ 

265 20 

1853-5 

265 32 

1853-5 

265 40 

1863-5 

266 23 

1863-5 

267 62 

1853-5 

268 53 

1853-5 

281 39 

1818-6 

283 08 

1818-5 

283 32 

1861-6 

284 00 

1818-5 

284 11 

1850-5 

285 04 

1850-5 

286 15 

1818-5 

286 30 

1861-5 

286 50 

1861-5 

286 54 

1 1861-6 

286 54 

1861-5 

286 68 

1851-5 

287 00 

1861-5 

287 01 

1861-5 

287 07 

1861-6 

287 14 

1850-5 

287 25 

1818-5 

287 30 

1861-6 

287 40 

1861-5 

287 52 

1861-6 

287 52 

1861-5 

288 26 

1863-6 

288 32 

1861-6 

288 88 

1860-6 

288 38 

1861-5 

289 20 

1854-5 

290 90 

1850-5 


16 00 E. 

14 43 E. 


158 04 E, 
165 50 E. 


UG 12w. 


164 ISw. 


105 04w. 


17*6 E. 
17'6ia. 
123-8 E. 

125- 3 H. 

126- 011. 

131-8 B. 
158-0 M. 
158-1 B. 
165-8B. 

150- 8 w. 

155- 4 Vf. 
146-2 Vf. 
152-0 w. 

152- S w. 

156- 7 ff. 

146- 7 w. 
154-3 w. 

153- 3 Vf. 

151- 6 Vf. 

140-8 Vf. 

154- 3 Vf. 

147- 7 Vf. 
149-5 vv. 

145-0 Vf. 
142-8 w. 
lIO-Ovv. 
106-1 Vf. 


106-6 Vf. 
101-8 Vf. 


109-8W. 
115-6 Vf. 


110-2 w. 
113-0 w. 


102-5 Vf. 

105 - 6 Vf. 

106 - 0 Vf. 
105-1 Vf. 
108-6 Vf. 


106-9 Vf, 

iH-Svf. 

108-2 If. 


82 58 +40 83-6 

83 08 +40 83-8 

82 61 +40 83-5 

82 26 +40 83-1 

82 22 +40 83-0 


85 19 + 


86 08 +11 


I 84 17 +8 
I 84 58 +19 

84 46 +12 
84 66 +8 


88 26 - 9 88-3 12-35 


86 00 - 9 85-9 12-39 .... 

^"21 +19 86-7 '- 

86 09 -24 85-8 12*45 .... 


i 86 44 -24 85-8 

84 43 +19 85-0 

86 00 +19 86'8 


84 69 + 9 85'2 

85 02 +19 85-4 


12-62 


8 8S-S 12-22 


Wi-ungol. 

Aiijon. 

Aiijou. 

VVi-angol. 


Wiviiigi']. 

Wi-(iiigol, 

Kabmo. 

Sabitu'. 

iS’ubiuc. 

Sabine. 

KolIi'IA. 

Sabine. 

Kabino. 

Ilubilwr. 

lielelii‘1’. 

|{oli-licr, 

IbGclwr. 

Ilclelier. 

Jb-U-lii-r. 

IWeluT, 

llolelKi)-, 

IJelelirr. 

JIuIcIhii-. 

IJeli-bc'f. 

iltili’lii'i’, 

llaleliai-. 

llelelan-, 

Beielier. 

Habiiia. 

Snbiiio. 

ifayoH. 

SaMiio. 

Uiniimnncy. 

Omimumey. 

Snlnnu. 

jrayrs* 

IFayoH, 

Iluyw. 

ilttyea. 

B.O.AU(m, 

Hayes, 

Hayos, 

Hayas. 

Ommanney, 

Sabine. 

Hayos. 

Hayes AMoliff. 
: Hayes. 


Ommanney. 

Hiiyos. 

Hang. 

Ommaimey. 



424 


GMEUAI SIR EDWARD SABINE ON TERRESTRIAL MAONETLSM. 


ZONE VIII-Lat. 75° to 85° N. (continued). 
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The earliest conclusion of a systematic character regarding the phenomena of 
Terrestrial Magnetism, which is consistent with, and has been borne out by, our more 
recent as well as by our present knowledge, is that of Halley, contained in a paper pre- 
sented to the Eoyal Society in 1683 ; in which paper he demonstrated the impossibility 
of reconciling the magnetic Declinations which had been observed by “ persons of good 
skill and integrity” in different parts of the globe (of which Decimations he subjoined a 
Table), with the Theory, then recently proposed, of “ Two Magnetical Poles, and an 
axis inclined to the Axis of the Earth.” Subsequent experience has abuhdaiitly con- 
firmed the soundness of Halley's conclusion. The Records of Navigators and of 
Travellers, in the nearly two centuries which have since elapsed, have practically demon- 
strated its truth. Slowly as conviction may have made its way, there arc probably few 
remaining (who have studied with due care the researches of the past and of the 
present centuries) who still hesitate to accept the conclusion to which Halley was led 
by the careful study of the Phenomena as they were then known — viz. that ‘‘ th(.> Globe 
of the Ear til may be regarded as one great magnet, having Pour Magnetical Poles, or 
Points of Attraction, two of them near each Pole of the Equator ; and that in those 
parts of the world which lie near any of those magnetical Polos, the needle is chiofiy 
governed thereby, the nearest polo being always predominant over tins more remote.” 

Hanstebn, in his memorable work, the ‘Magnetismus der Erdo,’ publish<3d in 1810, 
brought together the observations of the Decimation which had bcicn previously scattered 
in voyages and travels and in the works of systematic writers (including those which had 
been collected by Halley), and formed trom them maps of the phenomtiiia corresponding 
to successive Epochs. Copies of the greater part of these maps were publishetl in 
an abstract of the contents of the ‘ Magnetismus der Erde ’ which I drew up for the 
British Association for the Advancement of Science in 1835, and which was printed in 
the Report of the Dublin Meeting of the Associatiou for that year. The first of 
these maps, corresponding to the observations of the Declination between 1600 and 
1700, is the earliest digest of contemporary determinations sufficiently extensive to 
warrant general conclusions. The present contribution may be I’ogarded as a progres- 
sive step in the work thus commenced by Halley and continued by ITAiNS'iMnLv — a con- 
tinuation in the same direction as that pursued by the two authorities whose footsteps 
I have endeavoured to follow, but with resources which attest the increased importance 
which has since attached to the subject. 

The amount of ‘‘new material” which has accumulated since the publication of the 
‘Magnetismus der Erde’ in 1819, abundantly testifies the increased interest with which 
this branch of Physical Geography has been since, and is now, regarded. The knowledge 
which we have since acquired of the magnetic phenomena in the iiortlu'm portiojis of 
both the old and the new Continents may well be regarded as constituting an ora in the 
history of its progressive advancement. Wliat has been achieved for the northern parts 
of Europe and Asia by the researches of the eminent men who liavo made that field of 
research their own, has been paralleled in the New World by the prominence which 
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has been assigned to Magnetical Observations in the successive Polar Voyages, and by 
the assiduous labours of British Naval and Military Officers, and of the Magneticians of 
the United States, acting in concert with the operations of the Coast Survey. The 
earliest authoritative knowledge we possess of the magnetical state of the North-Ame- 
rican Continent was contained in the same communication from Halley to the Royal 
Society in 1683 to which reference has already been made. In that paper, the Geogra- 
phical Position of the “ North- American Magnetic Pole ” is stated to be in “ a meridian 
corresponding with the middle of California,” and “ about 15° from the North Pole of 
the Globe.” We have, indeed, no assured knowledge as to whether the Geographical 
Position thus indicated was designed by Halley to refer to the locality characterized by 
“ 90° of Inclination,” or to that of the “ Maximum of Force,” — the distinction between 
these two localities being well known to Halley, as it was, in fact, established by himself. 
Our recent researches place the approximate localities of these points, in 1842*5, — that 
Qf the maximum of Inclination in 70° N. Latitude and 263° E. Longitude ; whilst for 
the Maximum of Force we have the Latitude 53° N. and Longitude 268° E., — ^both 
localities being to the East, and a little to the South, of the Geographical Position which 
Halley assigned to the Magnetic Pole in 1683. Admitting the probability, which 
appears to be generally recognized and acceded to, that the Easterly Progression termi- 


nated at an Epoch nearly coinciding with that of the Maps and I’ablcs of tlu) present 
memoir, viz. 1842*5, such probability nvay seem to render the present occasion a parti- 
cularly suitable one for subjoining a few Groups ” of Results (as proposed in a previous 
page, p. 356) for convenient comparison with the Phenomena which may be observed at 
future periods. 
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SS 

29 

7'i 

10 


IC 

SS 

2l» 

7i 

.i:» 

i'.n 

■IS 

ss 

33 N. 


2. Simpson, Epoch 1839. 


I.:.-. 



. i :. 



«S 

.'if! 

JOwu 

20 

SS 

1 

1.1 

CS 

07 

2.1li 

23 


20 

(I.'! 

-i1 

2i!l 

35' 

SO 

29 

I!S 

21 

2iJ2 


So 

30 


(iH ;M iMf! 29 SS.1I.N. 


3. M'Clintook. Epoch 1839. 


T.:|l 

. \. 


. i:. 

1 '.I,', riii 

■:m:i \ 

li!) 

OS 

239 

■ 

Ti.* 

S9 

20 

(»•< 

■12 

201 

10 

SO 

3.1 

liS 

31 

202 

.10 

so 

21 

07 

.'lO 

2o;; 

2.*{ 

so 

32 

07 

;'»S 

2f;;; 

10 

so 

oS 

09 

32 

2(i3 

,10 

so 

.11 

OS 

37 

202 

3.1 

so 

2‘i N. 



4. M'Clintock. Epoch 1859. 

5. M'Olintock. Epoch 1859. 

G. James Eosh. Epoch 18,31*5. 



'K. j 

.lnc’.i:i:i ■!!)■! N. 

l.iii. V. 




i:. 

. .■ - V 

■ 

1 

C 



a ” 

J ' 

^ ■ 

. 

* 1 

09 37 ‘ 

2(51 10 

.so 1.1 

71 os 

26.‘5 30 ‘ 

so 13 

70 0,1 

263 !l 

so ,10 

09 -ll 

262 .10 

so 5.1 

71 2.1 

2>5i 00 

SO 01 

60 .3.1 

:*(!;1 117 

.■^(1 -12 

7'J 11 

233 1.1 

SO .12 

71 .19 

261 .12 

SS 12 

60 26 

26<; 00 

SO -j:! 

70 07 

2(;;5 2.1 

.‘'O -lO 

72 01 

:J»M lO 

SS 27 

60 .‘in 

26i: ,‘5*2 

SO 17 

/O ,‘53 

2(;;5 ;io 

SO i;5 

72 01 

2.5.1 40 

sS 2:5 

711 01 

:0IS in5 

SO !■,; i 

70 '19 

•-'i!3 30 

so 16 




70 00 

Oii.S 2!) 

SS 11.1 

70 09 

f 

262 .IS 

.so 36 y. ■ 

71 13 

261 46 

i‘S :!0 .N. 

60 -l.S 

266 16 

.'-0 22 i 

' '■! 
1 V. James llosa imd Oininamioy. 1' 

8. 

! 

I^irrv Jiiiil li'isluir. 

0. 

l^irrv !i.i{' 

l i-i i-y. 

1 

Kpooh ISiK), 

.Kpocli l.*'2l-- 

IS22. ' 

1 

/■ wl) 1 

1 

1 ..-M 

Ln.t. 

Long. E. 

Iiioliiml.ioii N. j 

: 

a\. 

ron^r. fC, 

lTU’Iin:ilion X, | 

, 

!N, 

10. 


; r r 

C / 


0 t 

o » 

15 r 

u f 

F 

f I r 

0. 74 3fi 

264 42 

87 4S i 

66 31 

273 30 

SS 07 

60 48 

27(5 31 1 

SS 21 

E. 74 01 

261 49 

•8S 14 i 

65 30 

271 4.1 

S7 28 

60 21 

2/8 23 1 

KS 10 

(.). 74 35 

261 ,10 

87 58 ! 

66 13 ! 

275 20 

ii7 31 

60 32 

278 37 1 

SS 06 

i 0. 74 43 

266 41 

S7 3-4 ;l 

6ti !{8 1 

275 40 

87 .12 ; 

60 34 


87 37 

i E. 74 OS 

267 00 

87 .‘16 1' 

66 12 

277 06 

S7 51 1 


278 46 j 


i E. 74 00 

267 57 

87 44 ! 

6(5 5() 

278 21 

87 47 ' 


1 


i R, 74 02 

26S 53 

87 36 1 

6.1 OS 

280 2.1 

87 00 

J 

1 



GO 

\ 

266 26 

87 47 jN’. 1 

! 

66 10 

27(J 28 

1 

87 41 X. 1 

60 .31 

1 ' 

278 04 

HS ().‘5 N. ; 









1 

1 

! 10. , Sabine. Ejmcli ISIS. 

n 

! 

. Kimo jnitl ILiycri. ! 

i . , ’ : 

j.l2. Allen and Omnnnnicy. I'itjocli IM'il.; 



1 

' 

i JujKwm 

IS(il. 



1 

1 


Long. E. 

IncUnalion E. 

1 L:it.X 

Long. E. 

Tiiclinntion M. ^ 

I-jiL. Is . 

! _ ' ' ' 

l,ong. I',’. 

r 

Iiii4ii)al.!i.)n IN'. 

O 

.I I 

O f 

0 F 

0 , 

Cj f 

! c r 


1 r 

i 7R OS 

281 .39 

36 00 

H. 78 n 

283 .32 

85 21 j 

A. 76 4;5 

28(5 58 

84 50 

1 73 .31 

2S2 33 

86 04 

IL 78 22 

286 30 

81 43 1 

0. 76 45 

287 M 

85 19 

! 76 45 


86 09 

ir. 77 23 

286 50 

85 00 

0. 75 25 

288 38 

84 17 

j 76 32 

286 15 

85 44 

If. 78 18 

287 00 

8.1 02 

G.- 70 19 

20(1 30 

84 56 

1 

1 



K. 78 34 

288 26 




1 

! 



ir. 77 08 

288 33 

81 58 







E. 78 37 

280 20 

81 46 






[ 1 JC, 78 .12 

201 00 

84 40 




! 75 44 

1 

283 38 

85 50 E. ! 

1 

78 11 

287 39 ^ 

84 58 K. 1 76 18 

1 

288 20 

84 .13 E. 
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Inclination (continued). 


13. Various Observers. Epoch 1853. 

14. 

Sabine. Epoch 1818. 


Lat. N. 

Long. E. 

Inclination N. 

Lat. N. 

Long. E. 

Tiuiliiiation N- 


0 r 

0 f 

O f 

0 f 

0 r 

0 r 

M*^Clintock 

75 31 

m 40 

84 04 

75 59 

295 13 

84 52 

M**'01intock 

75 28 

2<)5 54 

83 51 

75 54 

295 27 

84 52 • 

Bollofc 

73 00 

296 30 

84 10 

75 51 

296 54 

84 44 

Eobinson 

76 34 

297 37 

83 27 

75 04 

299 57 

84 26 

Alien 

75 26 

298 13 

84 16 

74 .35 

301 02 

83 51 

Belcher 

75 23 

298 19 

! 

84 27 

74 01 

302 08 

84 09 


75 34 

296 52 

84 02 N. 

76 14 

298 27 

84 29 N. 










- 


15. Various Obsorvors. Epoch 1850. 



Lat. N. 

Tjong. E. 

Iixsliiiation N. 


0 t 

0 / 

0 ' 

Ommannoy ...... 

75 25 

298 38 

84 17 

Ominanney 

75 22 

298 50 

84 06 

Ommannoy 

75 21 

298 51 

84 04 

Alien 

75 22 

298 54 

84 02 

Ommaimcy 

75 21 

299 00 

84 12 

Belcher 

75 04 

290 51 

8.3 52 

BoUot, 

75 25 

300 10 

1 

83 42 


75 20 

299 11 

84 ()2N.~ 


1(5. Vuriouiii ObHorvors. Epoch 1850. 



Lat.pN. 

Long. 30. 

Iiielinaiion N 


0 ' 

0 / 

0 / 

Etjbinson 

75 12 

301 00 

84 04 

M'Olintoclc 

75 00 

301 00 

83 28 

Brown 

74 35 

,301 02 

8,3 51 

Brown 

74 .35 

.301 1.3 

81 00 

Allen 

74 35 

.301 13 

83 49 

Onnmmney 

74 35 

301 13 

8.3 35 

Alien 

74 01 

.302 08 

83 47 


74 39 

301 16 

i 

83 48 N. 


The Observations of the Force, in the portion of tiio (.ilobo for wliich f. )iav(} given 
groups of the other two Elements (viz. Arcti(5 America for about fifty d<‘gr(5t!.s of l/m- 
gitiicle), are scarcely sufficiently numerous to receive the same mode of trisatment. I 
have therefore merely assembled these observations in a separate List, arranged according 


to Longitude. 


Date. 

Ohsorvers. 

Lat. N. 

Long. E. 

Eorco. 

1819 

Siihine 

0 f 

74 37 

0 ! 

248 18 

1213 

1820 

Habino 

74 47 

249 12 

1224 

1819 

Sabine 

75 10 

256 16 

1235 

1851 

Ommaunoy 

74 36 

264 42 

12'39 

1860 

Onimannoy 

74 4.3 

266 41 

12-3.3 

185,3 

B.'IV 

74 42 

268 17 

12-72 

1849 


7^1 52 

209 43 

1.3-06 

1819 

S : 1 ' * * 1 * . 1 

, 72 45 

270 19 

12-46 

l.‘»f>.3 

lVr.-;-c .nxl Eostor 1 

1 73 14 

271 06 

13-26 

1 S5.3 

1 

t 74 35 

277 45 

12-91 

l.-US 

; 

: 76 08 

281 39 

12-39 

1819 ' 

Biirry and Sabine ...; 

73 81 

282 38 

i 12-23 

1818 1 

Sabine 1 

' 76 45 

284 00 

12-45 

1861 ' 

ITaves ' 

78 18 

287 00 

12-52 

1H.-JO ' 

' Oinm«Tiih*y ' 

76 4.5 ; 

287 14 ! 
! 1 

12-22 


I i 


Bate. 

Observers. 

Lat. N. 

Long. E. 

Force. 

1861 

ITayos 

0 / 

77 08 

0 f 

288 38 

12-65 

18.54 

Kano 

78 37 

289 20 

12-48 

1818 

Subino 

70 35 

293 0.5 

12-41 

1853 

•Bellot 

76 05 

294 30 

12*58 

1818 

Sabine 

75 .51 

296 .'.4 

12-09 

18.50 

Oiimmnnoy ............ 

Sabine 

75 24 , 

298 16 , 

11-84 

1818 

75 04 i 

299 57 . 

J 1-8.3 

1853 

Bellofc 

75 10 

301 00 . 

12-22 

1850 

Ommannoy 

74 .35 

.301 13 i 

12-09 

1850 

Ommamioy 

73 10 

.30.3 .36 i 

12-41 

1861 

IXayeg,. 

72 47 

.30.3 57 1 

I2-.3H 

18,53 

Kane 

72 2,3 : 

,31)1 .30 ; 


1818 

Sabine 

70 26 

.305 08 I 

12-12 

1823 

S.-ibine 

i 

74 32 . 

j 

,341 10 i 
! 

11-54 


In the .following Tabl(*s T ha\’e placed, in comparison with each other, the values of 
the inagnc'tic Elemmits at (wery fifth degree of Ijatitiule betwocm 40° N. and 90° N., and 
at every tenth degree of Longitude between 0° and 300°, as shown, 1*^, in the Table pub- 
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lished by MM. Gauss and Webee, in the ‘Atlas des Erdmagnetismus ’ (Leipsic, 1840) ; 
and 2", in the Tables and Maps of the present paper. For the values of the magnetic 
Force, which in the Atlas of MM. Gauss and Wbbee are expressed in tlie Arbitrary 
Scale, of which the fundamental value is 1’372, or (as written by M. Gauss) 13 72= the 
Force in London in 1836, 1 have substituted the Absolute Values, corresponding to 10*28 
as the Absolute Force in London at the same Epoch, in the scale wliich was originally 
adopted in conformity with the Eeport of the Committee of Physics of the Eoyal Society, 
1840, page 2P. In all the three Elements there are some blanks in the columns derivcul 
from the data in the present paper, owing to observations being either wanting or insuffi- 
cient in those localities. Some of these blanks, viz. those in the vicinity of the Pole of 
the Earth, it will, probably, never be possible to fill up ; but many of those in Lats. 40” 
and 46° may probably be supplied, when the evidence which this paper affords is sup- 
plemented by results South of 40° of N. Latitude, which are now in hand. 

* The Section of the Eeport in which the Scale is premised, in -which the valuoH of the magnetic Eorco 
should thenceforward he expressed, generally kno-wn as the “ Scale of British Unite,” was from tho pen of its 
Chairman, the lato Sir Joinr Hisnsainiii, Brnt.,* tho Scale is thus defined hyliim:--“Tho numher thus ()htj»iiio<l, 
for tho Force of the Earth’s Magnetism, expresses tho Ilatio which that Force hoars to the Unli of Force ; the 
Unit of Force being that which acting on the Unit of Mem, through tho Unit of 'Bmc, gonoratoH in it the unit 
of Yeloeity. For tho unit of Mass wo take, a fjrain ; for tho unit of Time, a mid; uiid if a Foot ho taken m 
the unit of tho unit of Ydooiiy wiE ho that of one foot per second.” 
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Declination. 


Long, 0° E. 


Long. 10° E. 


Long. 20° E. 


Long. 30° E. 


46 03 w. 
36 00 w. 
31 09 w. 
28 39 w. 
27 17 w. 
26 29 w. 
26 54 w. 
26 23 w. 
24 52 w. 
24 20 w. 


32 30 w. 
30 30 w. 
29 00 w. 
27 00 w. 
26 00 w. 
24 20 w. 
23 10 w. 
21 45 w. 
20 35 w. 


37 17 w. 
28 00 w. 
23 30 w. 
21 34 w. 
20 40 w. 
20 22 w. 
20 22 w. 
20 20 w. 
20 38 w. 
20 48 w.i 


23 55 w. 
22 30 w. 
21 30 w. 
20 10 w. 
19 30 w, 
18 40 w. 
18 00 w. 
17 00 w. 
17 00 w. 


20 47 w. 
20 28 w. 
16 28 w. 
14 46 vv. 
14 08 w. 
14 10 w. 

14 33 w. 

15 02 w. 

15 37 w. 

16 13 w. 


14 35 vv. 
13 00 vv. 
12 30 vv. 
12 25 vv. 
12 25 w. 
12 30 vv. 
12 30 w, 

12 35 vv. 

13 00 vv. 


20 54 vv. 
13 16 w. 
9 '45 vv. 
8 17 vv. 

7 65 vv. 

8 09 vv. 

8 43 vv. 

9 26 w. 

10 14 vv. 

11 03 vv. 


4 00 vv. 
4 00 w. 
4 00 vv. 
4 40 w. 
6 15 w. 

6 15 vv. 

7 10 vv. 

8 00 vv. 
8 ,<50 vv. 


GausH. 

j SabiTii 

0. 

OaiiBh 

1. 1 

g’l 

Sabine 

1, 

Tiiilii- 

Long. 

40° E. 

Lou 

50° E. 

iudo«. 

0 

/ 

O 

/ 


o 

/ 


0 

/ 


u 


13 

19 w. 




0 

07 

w. 


1 • t 4 4 


85 

N. 

0 40 w. 

4 

45 

10* 

0 

41 

w, 

11 

00 

10. 

80 

N. 

3 

37 w. 

4 

00 

10, 

1 

46 

w. 

10 

00 

10, 

75 

N. 

2 

26 w. 

3 

00 

10. 

2 

36 

JO. 

8 

60 

10, 

70 

N. 

2 

10 w. 

1 

50 

10. 

2 

33 

Tl, 

7 

20 

10, 

65 

N. 

2 

30 vv. 

0 

40 

JO. 

2 

0,3 

H. 

6 

25 

13. 

(iO N* 


10 vv. 

0 

40 

w. 

1 

20 

10. 

3 

35 

10. 

66 

N, 

4 

07 vv. 

2 

15 

w. 

0 

32 

10. 

1 

45 

to* 

50 

N. 

4 

58 vv. 

.3 

25 

w. 

0 

16 

W* 

0 

20 

10* 

45 

N. 

r> 

4!) vv. 

4 

25 


1 

04 vv. 

0 4r> 

w. 

40 

N. 


Long. 60° E. 
0 38 n. I 


5 39 ]!. 
4 53 >j. 
4 07 a. 
3 23 M. 
2 42 n. 


Long. 70° E. 


Long. 80° E. 


Long. 90° E. I Long, 100° E. Long. 110° E. 





7 

00 

K. 




12 

58 

K, 



18 

37 

w. 




23 

58 

10. 



.30 

13 

10. 

16 

40 

JO. 

0 

03 

10. 

, 



12 

40 

10. 



15 

26 

10* 

.30 

30 

10. 

17 

28 

10. 

, 


10 

07 

30. 

15 

25 

K. 

0 

36 

JO. 

20 

00 

to. 

11 

45 

M, 

24 

00 M. 

12 

40 

13. 

23 

00 

JO. 

12 

33 

10. 

20 

00 M. 

11 

51 

K. 

14 

00 

10, 

9 

19 

10. 

17 

30 

JO. 

10 

38 

10. 

10 

00 K. 

10 

21 

10. 

17 

20 

10* 

!) 

02 

10. 

14 

20 K. 

7 07 

30* 

12 

00 

13a 

8 

38 

10. 

15 

20 

10. 

0 

27 

M* 

15 

60 M. 

8 

30 

10. 

13 

50 

Jil* 

6 

37 

JO, 

0 

15 x:. 

4 

07 

13, 

10 

00 

10. 

7 

SO 

10* 

12 

30 

TO. 

8 

24 

K» 

13 

00 M. 

7 

20 

JO. 

10 

55 

10. 

5 

00 

J'l. 

6 

30 B. 

2 

18 

Jl. 

7 

20 

13. 

7 

01 

10* 

10 

00 

iO. 

7 

31 

JO. 

10 

25 B. 

6 

2.3 

10. 

8 

25 

10. 

4 

01 

10. 

4 

.35 B. 

1 

M 

13. 

4 

35 

10. 

C 

16 

10. 

^ , 



6 

48 

10. 

7 

00 b. 

5 

42 

10. , 




3 

24 

H* 

3 

20 K. 

0 

41 

E, 

3 

00 

J*). 

5 

37 

E* 

* , 



6 

14 

M. 



5 

14 

ro. 




3 

03 

10. 

, , 

* . • . • 

0 

26 

lU 




4 

56 

E. 

- 




5 

47 

10* 

♦ ■ 


4 

55 

JO. 





2 

62 

13. 



0 

24 

E. 


Long. 120° E. I.ong. 130°E. Long. 140° E. l^nig. 160° E. l^ong. 160° E. Long. 170° K 


31 22 i:. . 
20 30 ti. 
11 14 n. 
5 30 ji. 
2 05 n. 

0 06 M. 

0 69 vv. 

1 SOvv. 
1 30 w. 
1 34 w. 


30 42 i:. 

22 15 K 

lehon. 11 10 B. 


7 00 M. 
0 00 

1 30 w. 

2 40 vv. 


4 56 n. 
1 17 .B. 

0 46 w. 

1 S3 vv. 


5 05 K, 
1 00 vv. 
3 15 vv. 

6 26 vv. 


3 40 vv. 2 23 vv. 
2 80 w. 


Ijong. 180° E, 


2 21 w 


Long. 100° .10, 


45 27 (•:. 
24 38 13. 
12 20 13. 
5 44 13. 
2 02 13. 

0 04 vv. 

1 11 vv. 
1 42 vv. 
1 40 vv. 
I 30 w. 


Lon;r, 200° !•:. 


58 16 K. 
32 06 «. 


16 

00 i.i. 

M 

5.3 

13. 

17 

45 B. 

18 

26 

13* 

20 

00 

13* 

6 

10 M* 

8 

00 

13. 

0 

00 J3. 

11 

27 

13* 

13 

00 

13. 

0 

20 vv. 

4 

15 

]3, 

3 

fiin J3* 

7 

40 

13, 

« 

20 

13* 

2 

00 vv. 

2 

10 

13. 

1 

00 B. 

5 

.3.3 

13. 

5 

40 

13. 

3 

25 w. 

1 

01 

13* 

0 

00 

4 

21 

M* 

4 

35 

M* 

3 

40 w. 

0 

28 

13. 

0 

30 w. 

3 

52 

(3. 

4 

25 

13* 

3 

50 vv. 

0 

10 

iC 

0 

30 w. 

3 

.32 

13* 

4 

05 

13. 

« « 

> « « * « 

0 

27 

13. 

* 4 

1 • * « 4 

3 

<36 

13, 

4 

10 

M. 


50 B. 

17 K. .. 

58 K. 26 

50 K. 17 
57 B. 14 
4) B. 11 
28 n. 10 
44 H. 9 
22 B. 9 
15 K. .. 


Lon;'. 210 ' 


Long. 220 


Long. 230 ' 10. 


I'i 




28 17 m. 34 00 ii. 34 14 m. 40 85 m. 4'i .1 , l-i !-i . ' 

20 51 B. 24 46 10 . 26 15 m. 31 00 lo. 31 49 m. 36 25 a, 

16 47 M. 10 20 m. 21 48 lo. 25 20 M. 26 42 b. 20 80 u. 

14 23 B, 16 25 M. 10 03 n. 21 30 b. 23 25 b. 25 SO lo. 

12 53 M, 14 20 B. 17 12 b, 18 60 xo. 21 07 b, 22 46 a. 

11 55 B 15 53 13. 16 50 xo. 10 16 ic. .20 20 b.I 

U 18 B 14 S3 B. 15 10 B. 17 46 K 18 20 b.' 

10 55 13 14 05 B 16 28 M i 


• 111 


■M 11 1 : . 


■ 

17 

,‘i«i j,i . 1 ■: i 

* i 1 ■ . 

..1 ::■> . 

■ 

37 14,h. 

42 00 B. 42 22 r;. 

47 45 i;.l 46 .50 n. 

5'l 00 1 :. 

70 N. 

.31 11 B. 

.3.3 50 i;. .35 04 i;. 

38 10 j;. .37 -18 n. 

42 00 1 ;. 

N. 

27 13 i;. 

28 30 K. .30 06 1'.. 

.31 00 r. .31 30 1 :. 

.3.3 00 1 ;, 

(iO N. 

2'J 13 k.; 

25 15 K. 1 2<> 21 i;. 

' 26 .30 i;. 27 Of< 1 :. 

27 <10 i:. 

55 ti. 

21 lOi'.. 

I 22 .30 1 :. 23 18 i,.| 

23 20 x„ ; 23 ,35 n. 

2.3 25 x;. 

5(1 K, 

10 45 n. 

10 4,3 1 :. ■ 20 44 i;.l 

1 20 2ri r.. ■' 20 38 1 ;. 

20 0.3 );. 

45 N. 

17 56 B. 

1 18 28 

j : 18 08 1 :. 

■ - • ■ f ■ 

-10 N. 



300° 10. 


1100 32vv 
j 03 23vv 
I 70 17vv 
I 66 02 A 
! 53 04 vv 
! 40 57vv 
1 30 20 vv 
! 22 OSvv 
j 15 46vv 
! 11 03vv 


02 30 vv, 
86 00 w, 
.. 78 00 vv, 
.! (;6 10 vv, 
•i 53 00 vv. 
.! 30 57 vv. 

20 40 vv 
■.i21 30 w 
■.! 15 35 vv 


I living. 310° ii. 

I .... 

j07 13vv.j 

82 02 W.I 77 30 vv. 
70 .54 w.' 74 00 w. 
'61 17vv.,70 00 w. 
52 07 w.' 62 30 vv. 
44 00 W.I 53 00 w. 
35 56 vv.; 43 00 vv. 
28 .34 vv.j 34 50 w'. 
22 20 w.! 27 20 w, 
17 17 W.I 


320° IS. i Ling. 330° K. Long. 340° 1C. j .Long. 350° 10. 


j 8o 30 vv, 
!71 47 vv. 
1 62 <15 w, 
55 5,3 vv. 
i 4!) 26 vv, 
143 51 vv, 
37 53 vv. 
I .'12 00 vv, 
26 53 w 
i 22 17 w 


. 6,3 00 vv.; 
■161 ;M)w.| 
58 40 VV’.' 
.1 55 00 w.i 
.' 40 20 w.. 
42 00 W.I 
■ 36 00 W.I 
. 20 30 W.I 


01 vv.i 64 52 w.i ...... '55 15 vv : 

12 vv, .54 00 W.I 53 05 w.! 45 45 w., -M 22 vv.; I 

43 vv. .53 00 vv.l 16 45 vv.' 45 35 w. 38 52 vv.l 38 00 vv.| 

36 vv. 51 15 vv,: 42 40 vv. 44 15 w.; 35 40 vv.l 36 10 vv,; 

21 vv.' 48 30 w.' 30 53 vv.j 41 40 vv. .33 49 vv.' 34 10 vv,' 

19 vv. 43 50 vv.l « I 38 00 vv. 32 OO w., 32 05 vv.l 

15 vv.' .30 10 vv.' 34 4.3 w.i 34 40 w. 30 *18 w.j 20 55 vv.i 

10 w.; 34 45 W.I 32 06 w. 31 50 vv. 20 22 vv.j 28 00 w.j 

13 w.i 20 30 vv,' 20 20 vv. 28 15 w. 27 56 vv.j 2;5 40 w. 

34 w.! i 26 57 vv. 26 29 w.' 


* Error in orig. 
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luclinatioii. 


Lati- 

Gauss* 

Sabine. 

Gauss. 

Sabino. 

Gauss. 

Sabine. 

Gauss. 

Sabine. 

Giuws. 

Sabi no. 

Gauss. 

Sabino, 

Laii- 

tudos. 

Long. 0° E, 

Long. 10*^ E. 

Long. 20° E. 

Long. 30° E. 

Long. 40° E. 

Long. 60° E. 

Ludt'iH. 

o 

o / 

o / 

0 / 

o f 

O / 

O / 

o / 

o / 

o / 

o / 

o / 

0 f 

0 

85 N* 

, 84 20 


84 12 


84 07 


84 05 


84 06 


84 10 


85 K. 

80 N. 

82 24 

81 30 

82 07 


81 59 

81 00 

81 55 

81 00 

81 59 

81 05 

82 08 


80 N. 

76 N. 

80 20 

79 25 

79 54 

79 00 

79 37 

78 55 

79 31 

78 50 

79 35 

79 00 

79 49 

79 26 

75 N. 

70 N. 

78 12 

77 20 

77 32 

76 46 

77 04 

76 30 

76 51 

76 35 

76 52 

76 35 

77 07 

77 05 

70 N. 

05 N. 

76 58 

75 10 

75 00 

74 30 

•74 16 

74 05 

73 51 

73 55 

73 45 

73 55 

73 59 

74 12 

05 N. 

00 N. 

73 34 

73 00 

72 13 

72 15 

71 08 

71 32 

70 26 

71 05 

70 10 

70 65 

70 21 

70 55 

00 N, 

55 N, 

70 54 

70 45 

69 06 

69 50 

67 35 

68 45 

66 31 

68 00 

66 01 

67 30 

0() 00 

67 25 

55 N. 

50 N. 

67 56 

68 00 

65 35 

66 35 

63 33 

65 30 

62 01 

64 25 

61 14 

03 35 

61 10 

63 25 

50 H. 

45 N. 

64 33 

64 30 

61 36 

63 00 

58 55 

61 30 

56 51 

60 20 

55 38 

59 25 

65 26 

5!) 00 

45 N. 

40 N. 

60 44 

61 00 

67 04 

58 55 

53 38 

57 26 

50 53 

55 40 

49 12 

54 55 

48 47 

54 10 

40 N. , 


Long. 60® B. 

Long. 70° E. 

Long. 80° E. 

Long. 90° E. 

Long. 100° E. 

Long. 110° E. 


85 N. 

84 16 



mfljiiiii 

84 34 


84 44 




86 02 


85 k. 


82 23 




83 00 


83 20 

BHMH 



83 51 


80 N. 

75 N, 

80 11 

79 62 

80 38 


81 07 


81 34 




82 07 



roif. 

77 36 

77 25 

78 11 


78 49 


79 23 

79 26 


79 50 

79 66 



66 N, 

74 32 

74 35 

75 15 

76 28 

76 02 


76 43 

77 00 


77 25 

77 16 



60 H. 

70 66 

71 12 

71 47 

71 55 

72 43 

73 00 

73 33 

74 07 

74 03 

74 58 

74 07 

74 50 


65 N. 

66 43 

67 30 

67 43 

68 00 

68 50 

68 55 

69 49 

70 00 

70 2i 

70 SO 

70 28 

70 35 

r>5 N. 

50 H, 

61 49 


62 58 


64 18 

64 50 

65 28 

*•««.* 

66 11 


60 17 

66 25 

50 N. 

46 N. 

56 08 


67 28 


59 04 


60 29 


61 22 


61 31 

61 25 

46 N. 

40 w. 

49 32 


51 08 


53 02 


54 45 


55 50 


56 06 


40 N. 

1 

Lout;. 

i 

120° IJ. 

! Lung. 

i;j()'^ 10. 

lifiMg. 

I HP E. 

Lung. 

ir»(p M. 

Long. 

lOO" K 


170 ’ K. 


86 N. 

■ 85 li> 


i 85 2-1 


85 Xi 

■ 

H;1 di> 


85 51 


86 01 


85 K. 

80 

83 69 


84 05 


84 09 


84 14 

*«***. 

Hi 


84 30 


80 k. 

76 N. 

82 10 


82 06 

83 00 

81 .59 

83 05 

81 52 

83 00 

HI 51 


81 57 


75 N. 

iKom 

79 50 


79 34 

79 50 

79 15 

79 35 

78 57 

79 24 

78 49 

79 00 

78 52 

79 Oi) 

70 N. 

65 ». 

77 02 


76 34 

76 35 

7(5 07 

76 00 

75 36 


75 21 


75 23 

75 20 

65 K. 

60 N, 

73 46 


73 08 

73 00 

72 2.5 

72 05 

71 49 

71 25 

71 31 

70 5() 

71 31 

70 40 

60 N. 

65 k. 

■mill 


69 15 


68 22 


67 39 


()7 17 

66 30 

67 24 

66 25 

55 N. 

50 N. 

liltl 


64 53 


63 52 


63 03 


62 41 

62 25 

62 53 

62 06 

now. 

45 N. 

60 69 

It) m 

59 59 


58 51 

• SO 40 

57 59 


67 38 

58 00 

57 58 

58 00 

45 N. 

40 N. 

56 33 


64 28 


53 15 


52 21 


52 05 

53 40 

52 38 

54 20 

40 N. 


1 

l^ong, 130°E. i 

Long. 190° E. , 

Long. 200° K. ; 

Long. 210*^ E. 

l-ong. 220'J .|il. 1 

1 .ong, 2;i0'' K. 


S5n. 

86 12 



86 21 


86 42 


86 49 


87 00 

1 

87 OS 


S15 N. 

SO K. 

84 44 


H5 05 


85 32 


86 03 


86 38 


87 16 


80 N. 

75 .V. 

82 14 


82 41 

4 ^ 0 f mm 

83 17 


84 06 


85 01 


86 03 


75 H. 

70 N. 

79 11 

79 10 

79 4.5 

79 30 

80 33 

80 20 

81 36 

81 06 

82 48 

82 26 

84 08 

83 60 

70 N. 

65 N. 

75 46 

75 30 

76 29 

76 00 

77 30 

76 55 

78 46 

78 15 

80 13 

79 45 

81 49 

81 26 

06 N, 

60 k. 

72 03 

71 05 

72 56 

72 00 

71 09 

73 25 

75 39 

75 00 

77 21 

76 37 

79 09 

78 35 

60 .V. 

55 js. 

68 01 

66 45 

69 06 

67 50 

70 33 

69 27 i 

72 17 ; 

71 22 1 

74 JO 

73 15 

76 08 ' 

75 25 

,s, j 

! 50 N. 

03 40 

02 30 

64 59 

63 30 

66 40 

65 20 

68 37 1 

07 25 

70 40 

09 ;u) 

72 45 

71 22 

50 N. 

45 N. 

58 5!) 

.^8 30 

60 33 

5!) 40 

62 30 

6J 17 

64 38 . 

63 30 ' 

(>() 49 

65 30 

OH 57 

67 25 

45 N. 1 

40 N, 

5«3 55 

55 00 

55 47 

50 00 

57 59 

57 ;J5 

CO 10 j 

59 10 

62 32 

61 45 

64 -12 


40 j 

j Long. 240^ E. 

] .ong. 250'^ Jil. 

Long. 260° IC. 

Long. 270'** J'j. 

.l.i)ug. 280° !■;, 

::i90" I'L 

• 

1 

1 

85 N. 

87 13 


89 35 


87 07 


HC 5fJ 


86 41 


86 27 


85 s. 

80 N. 

87 51 


88 17 


88 21 



87 58 


87 20 


86 :Hi 

85 10 

HO N. 

75 N. 

87 11 

87 15 

88 21 

88 20 

89 28 

88 40 

89 01 

87 30 

87 50 

86 ;t() 

86 39 

85 1.5 

75 .N. 

70 N. 

85 34 

85 30 

87 03 

87 30 

88 26 

88 50 

88 45 

89 00 

87 4!) 

87 30 

86 25 

85 20 

70 .N. 

05 y. 

83 28 

83 20 

85 05 

85 15 

86 3(J 

86 30 

87 16 

87 40 

86 5\ 

87 30 

H5 42? 

S5 15 

06 N, 

60 y. 

80 58 

80 35 

82 42 

82 30 

84 10 

! 8-i 25 

85 00 

85 H5 

85 12 

85 10 

84 26 

H4 05 

00 N. 

55 N. 

78 04 

77 16 

79 52 

79 30 

81 24 

81 25 

82 29 

82 35 

H2 54 

82 50 

82 34 

82 00 

55 .N. i 

50 N. 

74 45 

73 .30 

76 36 

75 -10 

78 13 

77 40 

79 26 

79 10 

80 06 

79 ;i5 

80 08 

79 25 

50 K. 

45 N. 

71 00 

69 20 

72 53 

71 30 

74 33 

73 30 

75 54 

75 20 

76 4!) 

76 00 

77 10 

70 25 

45 N. 

40 N. 

66 44 

65 00 

08 39 

67 10 

70 21 

69 10 

1 

71 54 

1 

71 05 

73 02 

1 

72 00 

73 10 


40 N. 


Long. 300° E. 

Long. 310° E. 

Long. 320° E. 

1 Long. 550'^ 10, 

j Long. 340° JJ. 

Long. 

150° K. 


85 N. 

86 02 



85 42 


85 22 


1 85 03 


i 84 40 

1 

81 32 


H5 N. 

SON. 

86 51 

84 22 

85 07 

83 35 

81 26 

83 00 

1 83 48 

82 25 

1 83 M 


82 46 


HO N. 

75 N. 

85 80 

84 25 

84 25 

83 05 

83 24 

. 82 00 

82 28 

81 10 

1 HI ;]8 

80 25 

80 55 



79 45 

75 N. 

70 N. 

85 00 

83 55 

83 37 

82 20 

i 82 21 

! 80 55 

i 81 09 

79 40 

80 02 

78 37 

79 02 

77 52 

70 

05 N. 

84 16 

83 10 

82 41 

81 20 

81 12 

79 35 

' 79 48 

78 07 

: 7H 

77 00 

77 9H 

75 55 

j (J5 ji. 

60 N> 

83 10 

82 00 

81 38 

79 55 

80 01 

78 10 

78 22 

76 30 



75 1)8 

7.5 06 

7.'t 55 

! 60 s. 

55 N. 

81 86 

80 25 

80 12 

78 25 

7b At 

76 33 

70 44 

74 55 

. 74 49 

73 17 

72 51 

71 45 

55 

50 k, 

79 30 

78 22 

78 20 

70 45 

76 45 

75 00 

74 51 

73 00 

72 41 

71 10 

; 70 21 

69 35 

.50 s. 

45 N. 

76 53 

76 00 

75 59 

74 50 

74 32 

73 00 

72 36 

70 57 

70 13 

68 37 

i 67 30 

66 25 

1 45 N. 

40 k, 

73 43 


73 07 

..... 

71 50 

70 55 

j 09 51 

1 

G8 20 

67 21 

1 

65 30 

1 61 14 

63 00 

1 40 N. 







* Error in orig. 
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Force in llritisli XJiiita. 


Lali- 

t.udos- 

o 

N. 

Hi) N. 

75 N. 

70 N. 

05 N. 

00 N» 

55 N. 

50 N. 

45 N. 

40 N. 

Qjuibs. 

Sabiiio. 

QttUHH. 

Sabine. 

GauHs. 

Sabine, 

Qnims. 

Sabimi. 

GausH, 

iSabiiKi. 

Gauss. 

Nil] lino. 

Lal.i- 

IndoH. 

Long. 0° E. 

Long. 10“ J<3. 

Long. 

20° E. 

30“ E. 

Long. 40“ JS. 

Lnng. 50“ IS. 

12-20 

11-97 

11-72 

11-47 

11-2.1 

10-9H 

10-7,1 

1047 

10-17 

9-85 

11-7 

11 5 
11-2 
10-9 
10-7 
lO-.l 
10-2 
10-0 

12-19 

11-97 

11-7.1 

11-16 

1118 

10-97 

10-60 

10-28 

9-92 

9-53 

n-5 

IM 

10-9 

10-7 

10-4 

10-1 

9-9 

12-21 

11-99 

11-75 

11-50 

11-21 

10-91 

10-.57 

10-20 

9-79 

9-33 

11-5 

11-1 

10-9 

10-6 

10-4 

10-1 

9-8 

12-21 

12-0.1 

11-82 

11 -.58 
11-31 
11-00 
10-6.1 
10-2.1 
9-77 
9-28 

11-5 

11-2 

10-9 

10-6 

10-3 

10-0 

9-9 

12-24 

12-09 

11-92 

11-71 

11-46 

IMO 

10-80 

10-38 

9-89 

9-.16 

11-7 

11-4 

U-l 

10-8 

10-6 

10-4 

10-1 

12-28 

12-16 

1203 

11-86 

11-66 

II -.19 
11-05 
10-62 
10-12 
9-57 

II -9 
11-6 
11-4 
11-2 
11-0 
10-7 
10-3 

O 

85 N. 

80 N. 

75 N. 

70 N. 

65 N. 

60 N. 

J55 N. 

50 N. 

45 N. 

40 N. 


Long. 60^ E. 

Long. 70^ E. 

Long. 80“ E. 

.Long. 90“ JS. 

.Lnig. 100“ JS. 

ijtiiig. no^' 13. 


85 N. 

12-.1l 


12-34 


12-37 


12-41 


12-44 


12-46 


85 N. 

80 N. 

12-2,1 


12-31 


12-38 


12-45 


12-.')0 


\2-r)4 


80 N. 

75 N. 

12-15 

12-1 

12-28 

12-2 

12-39 

12-5 


12-6 

12-.')6 

I2‘K 

12-61 

lii-j) 

75 N. 

70 N. 

12-04 

12-0 

12-22 

12-2 

12-37 

12-5 

12-51 

12-6 

12-60 

UH) 

12-64 

1.1-2 

70 N. 

05 N* 

11-89 

11-8 

12-10 

12-2 

12-31 

12-5 

12-46 

12-7 

12-57 


12-60 

13-5 

])i5 

00 N* 

11-66 

11-6 

11-92 

12-1 

12-15 

12-4 

12‘.15 

12-7 

12-45 

13-1 

12-48 

13-3 

60 N. 

55 N. 

11 -.13 

11-4 

11-64 

11-9 

11-91 

12-2 

12-12 

12-5 

12-24 

12-8 

12-25 

12-8 

55 N. 

50 N, 

10-93 

11-1 

11-26 

11-5 

11-56 

11-9 

11-8.1 

12-1 

11-91 

12-2 

11-91 

12-2 

50 N. 

45 N. 

10-44 


10-70 


11-10 


11 -.16 

11-7 

11-47 

11-7 

11-46 

11-7 

45 N. 

40 N. 

0*88 


10-2.1 


10-66 


10-80 

11-3 

10.04 


10-93 


40 N. 

i-'o . i:. 

1 t ■■ 

I..'., r. 

i;;n i;. 


10 K. 

l-in [.. 

1.-:/. ll!0 1. 

.. 

l.i- ’ 

70 r. 


85 N. 

1249 


12-61 


12-52 


12-53 


12-.53 


12-54 


85 N. 

«0 N. 

12-68 


12-60 

* * t * * ¥ 

12-60 


12-61 

t ^ i 1 f 1, 

12-62 

« « ¥ * 4 4 

12-62 


80 N. 

7riN. 

12-64 

1.1-0 

12-64 

13-1 

12-64 


12-63 


12-62 


12-62 


75 N. 

70 N. 

12-65 

13-3 

12-63 

13-4 

12-59 


12-56 

13-0 

12-.58 


12-51 


70 N. 

05 N. 

12-59 

13-6 

12-53 

1.1-2 

12-15 

13-0 

12-37 

12-7 

12-31 

* * * « t 4 

12-29 

f - - r » , 

65 N. 

60 N. 

12-4.1 

1.1-1 

12.13 

13-0 

12-20 

12-7 

12-07 

12-4 

11-99 

12.1 

11-96 


60 N. 

55 N. 

12-12 

12-7 

12-02 

12-4 

n-84 

12-2 

11-68 

12-0 

11-56 

n-9 

11 -52 

• / • # « r 

55 H. 

50 M. 

11-83 

12-1 

11-62 

11-9 

11 -.19 


11-18 


11-04 


1 l-OO 


60 N. 

45 jr. 

11-3.1 


11-11 


10-86 

» »♦ f • 

.10-62 


10-45 


10-41 

*••44* 

46 N. 

40 M, 

10-78 


10-63 


10-25 


9*98 


9-82 


9*79 


40 M. 


Long. IBO-^ I'l 

Long. 190“ E. 

Xjong. 200“ E. 

Long. 210“ IS, 

Long, 220“ ,IS. 

Long. 230“ IS. 

1 

85 .V. 

12-51 

1 

l2-,'i4 

1 

12.14 

1 


1 

1 

, 12-.1.1 

1 

1 

i 

■ 

1 

' 85 x. 

SO 

i 12452 

1 



, 12-04 


12-65 

! 

, l2-6.-» 

1 

12-65 

i 

80:,. 

75 N. 

12-6.1 

1 

12-65 

1 

1 12-OH 

1 

12-71 


, 12-74 

1 

12-76 

1 

7,'i 

70 N. 

12-52 

1 

1:i-57 

\ 

• 12-rhi 

12-:) 

12*71 

' »:i o 

12/8 


12-85 

i;i-i! 

7<i 

(55 N. 

12-31 


12-39 


12-50 

12-6 

12-64 

12-8 

12-77 

1.1-1 

12-90 

i;{-5 

66 nr. 

60 N. 

12-00 


12-11 


12-27 

12-3 

12*47 

12-5 

12-68 

12-H 

12-87 

13*2 

60 H. 

65 w. 

11-68 


11-72 


11-96 

12-0 

12*22 

12-3 

12-61 

12-6 

12 77 

13-0 

6.1 «. 

SON. 

11-07 


11-26 


11-54 


n-87 

12-0 

12-22 

12-4 

12-57 

12-7 

60 N. 

45 H. 

10-50 


10-73 


11-0.5 


11*44 


H-H5 


12-24 

12-4 

46 N. 

40 N. 

9-89 


10-14 


10-50 


10-93 


11-39 


n-82 

*«(«#. 

40 N. 


Long. 240'-' 10. 

Long. 250“ H. 

T.nrig, 26*0-’ E. 

270" .I'b 

L. mg. 280- IS. 

LfOig. : 

»9o - J*:. 


85 N. 



12-47 


12-46 


12-48 


12*39 

* ■ • t k « 

12-36 


85 N. 

80 N. 

12-63 


12-60 


12-57 

HMNH 

12-52 


12-45 


12-37 

12-6 

80 N. 

75 N. 

12-75 


12-76 

12-3 

12*71 

12-4 

12*03 

12-7 

12*64 

12-7 

12-43 

12-0 

75 H. 

70 N. 

12-90 

13-7 


* » » « 4 < 

12-87 


12-79 

13-0 

12-68 

13-0 

12-63 

12-8 

70 N. 

66 N. 

12-99 


13-04 

13-7 

13-02 

130 

12-95 

13-6 

12*82 

13-4 

12-67 

13-0 

66 Nt. 

60 N, 

13-03 

13-8 

13-12 

14-1 

13-15 

14-0 

13*08 

13-8 

12*94 

13-6 

12-74 

13-3 

60 N. 

65 N, 

12-98 

13-6 

13-13 

13-9 

18*19 

14-3 

13-15 

14-1 

13*02 

13-8 

12-81 

13-4 

56 N. 

60 N. 

12-84 

13-1 

■EMa 

13-6 

13-14 


13-U 

14-2 

13-02 

13-9 

12*82 

13*4 

60 N. 

45 N. 

12-58 

12-8 

12-83 


12-97 

Hum 

13-00 

13-9 

12-92 

13-9 

12-72 

1.1-6 

45 N. 

40 N. 

12-20 


12*50 


12-68 


12-76 


12-70 

13-0 

12-6,1 


40 N. 


Long. .101)“ E. 

Long. 310“ 1. 

Long. 320“ E. 

Long. ^ 

5:10' .IS. 

i Long. .'MO''' H. 

j I'lOllg. IMO ' .10. 

j 

85 N, 

12.13 

1 

12;t0 



12-26 


12-21 


12-22 


12-20 

! 

85 N. 

80 N. 

1 2-30 

1 

12-22 

1 

1 12-14 


12-07 


12-02 



11-98 


80 N. 

75 .V, 

12-.11 

1 12-2 

12*17 

12*2 

12-04 

12-0 

11*92 

11*7 

n-83 

11-6 

11*76 

11-6 

7Rk. 

70 N. 

12-;m 

! l:i-4 

1 12-16 

, \2;i 

11-98 

11-9 

11-8) 

11-7 

11-66 

11 -.1 

11 -.14 

n-3 

1 70 N. 

05 N, 

1 12-42 

' I2-5 

1 
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XXni. An JEx^perimental Inqxiiry on the Action of Electricity on Gases. — I, On the 
Action of Electricity on Oxygen. By Sir B. C. Bbodie, Bart., F.li.S. 

Rccoivocl Juno 6, — Bead Juno 20, 1872. 


The following pages contain tlie result of a prolonged scries of experiments regarding 
the action of electricity upon certain kinds of gaseous matter. The instrument of this 
inquiry, by aid of which the gases were submitted to this action, is the induction-tube of 
W. Siemens*, an admirable and simple piece of apparatus, which enables us not only thus 
to operate upon the gases, but also to collect the products of the experiment with a view 
to their estimation and analysis. This instrument renders it practicable to utilize for 
the purposes of chemical investigation the vast powers of the coil of Buiimkobff, and 
places at our disposal a now engine of research. The results at which I have already 
arrived are of sufficient importance to justify the anticipation that the changes thus 
produced by the action of electricity upon gases will prove to be a held of inquiry not 
inferior in interest to the electrolysis of liquids. In this first memoir I shall treat of 
the action of electricity upon oxygen gas, and in a subsequent inquiry, the results of 
which I hope speedily to lay before the Society, it is my intention to consider the action 
of electricity upon carbonic acid and carbonic oxide gas. 

The investigations of Sctionbein in reference to ozone throw but little light upon its 
nature, mainly for the reason that this chemist neglected the use of the most fundamental 
instruments of chemical research, and rarely even attempted any quantitative valuation 


of its properties ; hence it is that we owe our most important knowledge upon this subject, 
not to SchOnbein, who made it the study of his life, but to other investigators. 

In a paper published in the Archives of Electricity for 1846f, Mabignao and Du m 
Bive established the important fact that ozone is produced by the action of the electric 
spark upon pure and dry oxygen — a point which wa» further and conclusively demon- 
strated by the investigations of Fremy and Becquebel in 1862J, who also discovered 
that when electric sparks were passed tlirough pure oxygen gas enclosed in a confined 
space in contact with a solution of iodide of potassium or with moistened silver, the 
oxygen was, after the lapse of sufficient time, totally and completely absorbed by those 
substances. It was thus proved that for the formation of ozone oxygen alone is required ; 
and these investigations effectually disposed of those theories, based upon inadequate or 
erroneous experiments, according to which the properties conferred upon oxygen by the 
action of electricity were regarded as due to the formation of minute quantities pf 
nitrous acid or peroxide of hydrogen §. At the same time Mabignag and De la Rive 


* i*0QO3iiS‘JD0BE'E'’s Aiui. vol. cu. p. 120. f Yol. V. p, 5. Annalcs do Chimio, 3 S. vol. xxxv, p. 02. 

§ ■ 'WiiuAMSoN, Ann. Ch. Pham. vol. Ixi. p. 13. Baumbiw, Poogeni). Ann. vol. Ixsxix;. p, 38. 
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regarded this change of properties as due not to a specinl snhstaiKK', but to a peculijir 
state or condition of oxygen caused by the electric action in which its “ affiiiilh's wore 
exalted,” and proposed for this reason to discard the term, ozone, and to term tln^ gas in 
this condition simply electrized oxygen. Indeed they do not appear to hav(,^ had any 
suspicion of the existence of ozone as an individual (diemical entity distinct from oxygon 
itself. 


A further and most important contribution to our knowh'dgo upon this .subject was 
made by Andrews and Tait'**, who, by means of a series of delicate and wcdbeoutriv(Ml 
experiments, arrived at the following conclusions: — (1) That under tlu^ inllucnce of the 
electric action, which they employed in the form of what is termcxl the “ silent discluirge,” 
oxygen undergoes a contraction of volume dependent upon the time for whic’.h the gas is 
thus acted upon, but not transcending a certain limit, the maximum contraction in their 
experiments being reached when the gas had diminished by one twelfth of its original 
volume. (2) That when the gas thus contracted was heated to 300° C., it expanded to 
its former bulk. (3) That when a solution of iodide of potassium was introduced into 
the contracted gas, an amount of iodine was formed equivahmt to the amount of oxygen 
which disappeared in the contraction without the occurrence ofany change? in tlie volnnu? 
of the gas. (4) That the gas which had been thus operated upon by iodide of potas-sium 
did not expand when heated to tSOO® C. 

Andrews and Tait do not offer any adequate interpretation of their remarivabh? 
experiments. “To reconcile,” they say, “ the experimental results with tlu,? view tluit 
ozone is oxygen in an allotropic form, it is ncces.sary to assume that its <lensity im- 
mensely exceeds that of any known gas or vapour, being, ixh wo have seem, aceiording to 
the first and second series of experiments, from fifty to sixty times that of oxygon, and 
accordmg to the third ?cric< ub-olulely infinite: even the former results woidd make it 
onK >-:.x runes lo-s^ dcMise ihmi the Tuctel lithium, and would place it rather in the class of 
solid or liquid bodies than of gaseous iind without absolutely rejecting the allotropic 
hypothesis, they proceed to seek for the origin of ozone in the decomposition of oxygen, 
and endcavonr to explain tlie phenomena from this point of view. 

There is, however, an hypothesis as to tlio constitution of ozone which would naturally 
present itself to the mind of a chemist profoundly convinced of the dualnatixro of oxygen, 
and by wliicli these rc.sults would he accounted for in a simple and probable way. This 
hypothesis appears to ha.vc been first publicly enunciated by OnriNG in his * Manual of 
Chemistry,’ published in 1861, where the following passage occur.s (p. 04); — “If we 
consider ozone to be a compoimd of oxygen with oxygen and the contraction, to be con- 
seqnent upon their combination, then if one portion of this combined or contracted oxygem 
were absoibed by the reagent, the other portion would be set free, and by its liberation 
might expand to the volume of the whole ; thus, if wc suppose three volumes of oxygen 
to be condensed by their mutual combination into two volumes, then on absorbing 
one third of this combined oxygen by mercury the remaining two thirds would be set 
PhilbaopMcal Transactions, 1860, p. 113. f i^c. dl. p. 128. 
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free, unci coiiweqncntly expand to their normal bulk, or two Yokimos, 

0 6 64-Hg2=Hg^ ^+0 6." 

SoRET subsequently discovered that if oil of turpentine or oil of cinnamon be brought 
in contact with oxygen containing ozone as procured by electrolysis, a cliiniiiution occurs 
ill the volume of the gas. Soret infciTed (from liis experiments) this diminution in 
volume to bo equal in amount to twice the expansion which another portion of the same 
gas underwent when heated, or (what ought to be the same thing) to twice the volume 
of oxygen absorbed from the same gas by neutral iodide of potassium. 

Although I quite agree that this is really the case, at least witli the ozone procured 
by the action of induced clc^ctricity upon oxygen, I must be excused for saying that the 
experiments of Soret by no means justify the conclusion. The mean ratio of the 
observed diminution in volume to the oxygen absorbed by neutrid iodide of potassium 
was in the case of the first set of five experiments 2*4, a number which camiot bo con- 
sidered ewen as an a^iproximation to the theoretical number 2 ; and the similar mean of 
the second set of seven experiments, in which the ratio was estimated of this diminution 
to the (expansion which the same gas underwent whem heated, was l/Sl, a number 
exhibiting a, considerable divorgmice in the otlior direction from the same theoretical 
valuof. iSoRKT, indeed, gives a preference to these last experiments, and among tlu'so to 
thr(M.^ oxperimentH csjiocially, ivhich show a closer concordance w'ith tlieory ; hut this 
pudercnce scumis rather to he based on a foregone conclusion in favour of tlie theory 
than from a,ny siqxniority in the expcirinumts themselves. Tlie truth is that no prcicise 
vulnc at all for theses contractions is really indicated by the experiments, and the crroi’s 
are too great for any theory to be based upon them. Tluise deficiencies are doubtless 
in no way to ho attributed to any want of care or skill on the part of the experimenter, 
hut to the unavoidable errors in the method of experiment. 

About the time of the publication of Sobet’s experiments I was myself engaged with 
the same subject of inquiry, and, indeed, before the publication of these experiments had 
asc(U’tahicd the nature of the contraction (hereafter discussed) which an electriz(sd gas 
undergoes when pass(?d through a solution of neutral hyposulphite of soda. Numeroixs 
ciix’.umstmices, many beyond my control, have unfortunately interfered with the prose- 
cution of these researches, of which, however, I at last am able to lay the results 
before the Society, 

Section I. 

The chief difficulties in the way of the accurate investigation of this problem have 
arisen from the absence of any adequate method of experiment; and T shall now proceed 
to describe an apparatus by which these difficulties may h('. obviated, and by wliich I 
have l)(Mni enabled to generate and collect the electrized gas in sufficient quantities for 
(ixamiiiatiun, to .submit succcs,sive portions of th.e same gas to the action of varioUvS 
* Am). Oh. Thyn. (4) vol. vii. p. 113. t -f'OO, fill. pp. 110 & il.7. 
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reagents, and to estimate the variations in volume which the gas undergoes under the 
influence of these reagents with facility and precision. 

The oxygen employed in the following experiments was procured cither by the 
decomposition of pure chlorate of potash or by the electrolysis of dilute sulphuric acid. 
In the former case the oxygen was collected in one ot the sulphuric-acid gas-holders, 
hereafter described, and thence passed through the induction-tube. In the latter case it 
was passed through the induction-tube immediately from the apparatus in which it wa.s 
generated. I shall describe the latter arrangement, which was employed in all but my 
earliest experiments, and which presents many advantages. 

A drawing of the vessel in which the oxygen was generated is given in Plate LT. fig. 1 : 
a is a glass vessel, similar to a small gas-jar, open at bottom ; this vessel is cemented into 
a cell of porous earthenware, d, by which its aperture is closed ; c* is a ring of coke, being 
a section of one of the cylinders employed in Bunsen's carbon-battery ; to this is attached 
a platinum wire d. In the interior of this glass vessel is a platinum plate, to which is 
attached a second wire {e) of the same metal passing through a stopper of caoutchouc. 
The whole is immersed in a glass jar containing dilute sulphuric acid, with whicli tlio 
vessel a is also partially filled. The wire d is connected with the zinc, and the wire e 
with the platinum terminal of a voltaic arrangement, consisting of tlire(^ or four Clitovifa 
cells ; the hydrogen passes into the external air, and tlio oxygon is deliv(}rod through th(^ 
tuhe/^ in which two bulbs {g) are inserted containing a solution of iodide of p{)taaHirun, 
for the purpose of destroying the traces of ozone which would otherwise ho coutaituxl in 
the gas and interfere with the experiment. 

The oxygen delivered at /is then passed in a slow stream tlirongh a tube of tlio form 
delineated in figure 2, containing pure and concentrated sulphuric acid, tho tubcj being 
attached at g by a caoutchouc junction to the tube /; the gas, thus deprived of moisture' 
by the sulphuric acid, is further and completely dried before emtoriug the luduelion-tubo 
by anhydrous phosphoric acid contained in three small bulbs attaclicd to thci tube. 

In figure 3 is given a drawing of the induction-tube, which is fundamentally ol' (he 
kind originally devised by Siemens, and described by him in Poc3UEN])oitr.i-’',s ‘ AmiahMi’ in 
the place before referred to. The tube, however, is not, as in tin? avraiig(uu{!ut ol‘ 
Siemens, coated with tinfoil, but the inner tube is filled with 'WJitor, in whi(th is phieed 
one of the terminal wires of Buumjcorpp’s coil, while the tube itself is imme.i'sod In. a 
vessel of water connected with the other terminal wire of the coil. T’he gas enters 
the apparatus at h, and passing over anhydrous phosphoric acid contained in tho tl;ivc(.; 
bulbs i, traverses the narrow space 1c between the two tubes, and is there submitted 
to the electric action, after which the electrized gas is again passed over anhydrous 
phosphoiic acid contained in the three bulbs and is delivered at m. 

The gas is thus submitted to the electric action in a very dry condition, which is an 
essential point for the production of a considerable percentage of ozone. T'hc amount 
of ozone is also affected by the temperature at which the gas is thus operated on. It is 
especially desirable to prevent the elevation of temperature consequent on the electric 
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action, which may he done by placing fragments of ice in the interior of the tube, and 
also in the water contained in the external cylinder in which the induction-tube is 
immersed. If a lower temperature still be desired, the ice may be replaced by a 
mixture of ice and salt ; in this latter case the precaution of filling the interior tube 
also with the saline solution must not be omitted. When the tube is thus cooled, 
either with ice or with ice and salt, the external cylinder containing the refrigerating- 
mixture should be wrapped in thick flannel. The temperature can readily be thus kept 
during a long experiment of six or eight hours’ duration at 0° C., or even at — 10°C. 

The electrized gas is collected and preserved for the purpose of experiment in a gas- 
holder, delineat(3d in Plate LI. fig. 4. On this side of the induction-tube connexions of 
caoutchouc can no longer be employed, this substance being instantaneously corroded 
by even the minutest trace of ozone, and the junction between the gas-holder and the 
induction-tube is effected by moans of what may be termed a paraffine-joint. Over the 
tubes to bo connected, which are placed close together, is slipped a piece of glass tube 
into which they exactly fit, and from which they are separated by a capillary space ; a 
fragment of pure paraffine is placed at the external junction of the tubes ; the union 
of the tubes is efiected by gently melting the paraffine ; the liquid paraffine is extremely 


limpid, and runs into and fills up the narrow space between the tubes. When the 
paraffine is solidified, the tubes are united by a joint, which is p(?rfectly air-tight, 
which will iMisist very considorablo pressure, and which is quite unaffected by the 
|)asHagcof the ozone. This simple joint is an essential feature of this arrangement, and 
would dotibtlcss bo of groat service in many forms of gas-appairatus. 

The gas-holder consists of a glass bell (jp) contained in a glass cylinder (^/), in which it 
is suspended, being supported by a knob of ghiss passing through a wooden cap fitted 
to th(j top of the jar ; this cap is made in two pieces, which are subsequently united so 


as to be readily placed in a proper position as a support to the glass bell. The wooden 
cap was coated internally with paraffine, to protect it from the effects of accidental contact 
with the acid. It would, however, be far better to make the cap of glass, which could 


easily he done. 

At a superior level is placed a glass jar (r) containing pure and concentrated snlphuric 
acid ; this jar is connected by a siphon-tuhe, « (in which is placed a glass stopcock), with 
the low(U' cylinder, </. ’Ihis u])pc]’ jar, wlihih I shall term tlie resc'rvoir. is closed by a 
wooden cap, wiiich also would be better made of glass, tlirough whicli th(j siphon-tnbe 
passes, and in which is also fitted a second glass tube, u. U’he gas from the induction- 
tube is delivered at w, whence it passes into the gas-holder by an arrangement of tubes, 
which is best understood from the drawing. 

I will now describe the way in which the apparatvis is worked. A quantity of con- 
centrated sulphuric acid, just sufficient to fdl the glass hell (y>) and the external cylinder 
(ff) to the top of the hell, is placed in the reservoir r, tlic siphon-tuhe being filled with 
the same. '.I'ho stopcock at is closed, and the stopcock w open ; the glass sto])cock in 
the siphon-tube (.v) is now opened, tlie air is expelled from the glass bell (p), which is 
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thus filled with sulphuric acid. The stopcock in the siphoji-tube is now closed, us also 
the stopcock w ; the stopcock v is opened, and the gas as delivered from the induction- 
tube at n is allowed to pass into the gas-holder. The sulphuric acid which is tlius dis- 
placed is drawn back into the reservoir r, by creating in the rcscuToir a partial vacuum ; 
this is effected by means of an air-pump, connected with the glass tube u by a caout- 
chouc tube. Similarly, any required quantity of gas may be delivcu’ccl from tla^ gas- 
holder by closing the stopcock v and opening the stopcock w, the gas being expc^llcd 
from the gas-holder by the column of sulphuric acid in the jar delivcre<l from the 
siphon-tube. 


The drawing of the apparatus given in the figure is a quarter tlie actual height; tlie 
capacity of this gas-holder is about 3000 cub, centims. The arrangement, although 
somewhat complicated in description, is easily worked. 

The volume of gas submitted to experiment was measured in a glass pipette, of which a 
drawing is given in Plate LII. fig. 6 to the same scale as the last. The capacity of tlui 
pipette between the two marks h and o was estimated by calibration with mor<nivy, the 
quantity of mercury required to fill the pipette between the marks lauiig weighed at an 
observed temperature; its capacity as thus ascertained was 2U()‘S cub. ccutinis. It was 
then welded to a glass tube of the form given in the figure; v, is a res(Tvoir of sulplnirie 
acid with a sipliou-tube attached, similar in priiKjiph^ to tlnit pniviously dtJWirihed ; d Is a 
cylinder containing water, in which tins gas-pipette, a is iuimorstsl, and of which the tem- 
perature is observed by means of a thernioinetor placed in it. 1.1u! gas-pi jxitU^ is placed 
in connexion with the gas-holder by nieaus of a pfiraffiuojoiut at th<.‘ *irning(Mn(Mits for 
working this pipette are precisely similar to those previously dt^.sc^l)( 5 d in t.h(‘ (-ase of tin; 
gas-lioldeu. At the commencement of the experiment the pipette is filled with Bulpliurie 
acid from the ics('rvoir e. by moans of the siphon-tii.be, the stopcock (j being closed and h 
open ; this having been effc'cied, tlie pipette is filled with the electrized gas by closing the 
stopcock 1i and opening the stopcock//, a puilial vacuum being made in the reservoir as 
previously described, and a jivessure of 2 or 3 inches of sul])hiivie. acid being put U])on the 
gas ill the gas-hold ei'. The pipette is thus filled with gas to some point below tin; mark o; 
die stopcock g is then momentarily lifted so as to allow the sulphuric acid to rise to tlio 
mark c. The quantity of sulphuric acid in the reservoir was so adjusted that when the 
siplion-tube was empty the pipette was necessarily filled to tins level. It is to be 
observed that the tubes connected with the apparatus were first filled witli the (;loctrized 
gas by drawing over, at the commencement of the experiment, a ccirtain volume of the 
gas into the pipette and expelling it into the air. In. this manner tlie pipette was filled 
to the mark c with the electrized gas at atmospheric pressure as observed by tin; baro- 
meter, and at the temperature indicated by the tlnmnometer jilaced in the water in which 
the pipette was immersed; the gas was delivered from the pipette at a. '.I’e (.effect IJiis 
the stopcock in the siphon-tube was opened, and a pressure was tlius ])ut upon tlie gas, 
the stopcock A being also open and the* stopcock closed ; the quantity of siilpliuric acid 
was so arranged that the gas could readily be brought at atmospheric ]jressure to the 
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mark l)\ capiicity of pipette having been determined between these points, a 
(kvliniti! voluirK^ of gas at a known temperature and pressure was thus delivered at the 
('xit-tub(^ i. l.^vidence of tlie extreme accuracy of this method of measurement will 
shortly be given. It is, so far as I am aware, the first application to the estimation of 
the volume of gases of those principles of pipette-measurement which have been of 
such good service to the chemist in the case of the measurement of liquids. 

In order to estimate the changes in bulk which the electrized gas underwent in the 
various experiments hereafter (k^scribed, the measuring-apparatus was employed of which 
a <lrawing i.s giv(!u in Ifiate LIT. fig. G. In this apparatus, which I shall term the aspirator, 
the volume of gas at 0° 0. and 700 millims. pressure is irscertained by determining the 
pr<iK,sur(^ which it is nccussary to put upon the gas in order to camsc it to occupy a known 
space at a known tcrapoj'aturc. This is the princiide of Hiiignault’s apparatus for gas- 
analysis, ami also of h’.ii,ANKUNi)’s apparatus. 

Tlni apparatus (jonsists of a cylinder of strong glass {a\ comrccted by an iron tube with 
an iron resm'voir (/;), containing an amount of mercury rather more than sufficient to fill 
the cylinder a. In the iron tube coimocting the cylinder and the reservoir is inter- 
(!aliit(Hl a stopcock (e), hy which the connexion between the cylinder and reservoir may 
at ph^5i.sur{! b(5 made or cutoff In the reservoir a small iron tube (f/) is inserted, cou- 
mjcted by a tube of ciioutchfuic with a forcing-pump firmly fixed to the table on which, 
tluf np])aratus is plac<'d. By mean.s of this fonaiig-pump the air contained in the upper 
[JtU't of the resmwoir may he compressed, and any recpiircd pressurti put upon the imu’cury 
contained in it. The cylinder a is cemented, by means of a resinous cement, into two steel 
(«i,ps {o and/}; the lower cap (/') is screwed firmly upon the support of the apparatus, 
whicjh is made of iron. The cylinder is connected, by means of a channel cut in the 
low(U' ])art of the steel cap (/} and continued through the iron frame, wit,l i a glass tube (r/), 
which is about half an inch in diameter and graduated in millimetres : this tube I shall 
speak of as the pressure-tube. The cylinder a and the pressure-tube (7 are thus in per- 
manent connexion, and constitute one vessel, which is broken into parts solely for facility 
of construction. '.I.'his api)aratuR is supported upon throe screws, as shown in the figure, 
by the adjustment of which the pressure-tube g is placed in a perpendiculai* position 
iK'fore l.b(i coiiimeuccimenl; of the experiment. A piece of strong glass tubing, of fine’ 
bore, is ceimaitcxl into a steel socket which forms part of the stec'l cap 0, the uppiu end 
of the same gloss tube being similarly cemented into a .steel socket (//), on the upper 
part of Avliich a screw is cut by which it is connected with a steel stopcock [Jc). Two 
steel sockets, similar to the socket A, arc screwed into the stopcock {Jr) and two glass 
tubes {I and in) arc cemented into these sockets; the steel stopcock Jc is what is termed 
a tlu:c(‘-way stopcock, in which the channels are so cut that a communication may be 
mad<‘. Ix^twcoai tlio tube I aud the cylinder a, or between the tubom and the cylinder a, 
or between the tubes I and m (all other communications being shut off), at pleasure, or 
the communications may he entirely closed. 

In the cylinder a is placed a thin piece of glass rod, to- which seven points are 
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attached, also of glass, as shown in the figure, the points being finely ground. This 
glass rod is attached to the sides of the tube by a little resinous cement. The rod 
may be thus fixed after the cylinder a has been cemented into the lower cap f. ^.Ihc 
capacity of the cylinder a, between each point, is ascertained by calibration with mcircury, 
which is effected before the reservoir is attached to the apparatus. In ordtu' to calibrate 
the cylinder a, the stopcock c is closed and Ic opened to the air ; the cylinder a is then 
filled with mercury (which has been carefully purified, and of which the specific gravity 
has been determined by experiment) up to the stopcock Tc, The mercury is them run 
out of the apparatus by means of the stopcock c to a level a little below the first 
point, 1 ; the stopcock c being again closed, a portion of the same mercury, exactly 
sufiScient to bring the level of the mercury to the point 1, is poured back into tlie a])pa- 
ratus by means of the pressure-tube, the level of the mercury is read on the pressure- 
tube, and the mercury which has been run out of the apparatus is weighed. From these 
data the capacity of the cylinder taken together with the capacity of the pressure- 
tube g from the stopcock h to the first point 1, may be calculated. By perfectly similar 
operations the capacity of the cylinder and pressure-tube at the other points (2, 3, 4, 6, 
6, 7) may be ascertained, and the heights of those points upon tlic pn^ssure-tube g 
determined. In order finally to determine the capacity of tin? cylinder a at the various 
points, we have to deduct from the capacity of the cylinder and pr(?sHur('-tul)(^ at those? 
points as thus ascertained the capacity of the pressure-tube, 'i’his capaci<,y is r(?adily 
determined by filling the apparatus as before with m(jrctiry, closing the stopc.oek Ic^ and 
running the mercury out, by opening the stopcock c (the vessel h b(?iMg detadiod), 
from successive portions of the pressure-tube alone, care being taken to run out so 
much as to pour back, in each case a little mererfry in order to secure the right rc?aduig 
of the meniscus ; this mercury is then weighed. The i)r(?.s.siirc-tuh(? being graduat(?d 
in millimetres, a simple calculation informs us of its capacity at any desired interval. 
Deducting the capacity of the pressure-tube from the capacity of the cylinder and pres 
sure-tube as previously determined, or, ratliei.-, deducting tlio weight of the mercury at a 
known temperature and of a knowm density corresponding to the capacity of the pres- 
sure-tube fi'ora the w'eight of mercury corresponding to the capacity of the cylinder and 
pressure-tube, wc arrive at the capacity of the cylinder at any d(;sired point. 

The cylinder and pressure-tube arc enclosed in a second ghuss cyliudcjr (n), which is 
fastened into an iron ring, by means of w'liich it is attached to the jfiamo of the appa- 
ratus; this cylinder is filled with water, in which a thermometer is placed. 

The apparatus thus put together is to be carefully examined to ascertain that there is 
no leakage in the various joints and stopcocks; with this view' the reservoir of mercury 
having been now attached to the apparatus, the stopcock k is opened and tlio cylinder a 
is partially filled with mercury; the stopcock ^ is closed, the stopcock c opened, imd a 
considerable pressure put upon the gas by means of tlic forcing-]|)ump before referred 
to ; the stopcock g is then closed, and the height of the mercury in tlic pressure-tube 
read : the level of the mercury in the pressure-tube should not appreciably vary for 
several hours. 
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111 order to determine the volume of a gas enclosed in the cylinder the gas must 
be first expanded, if necessary, below the point at which the reading is to be made ; 
this is efiected by opening the stopcock c, the communications being open between 
the reservoir h and the external air ; the stopcock c is then closed, and the pressure 
put upon the mercury in the reservoir by means of the forcing-pump ; the stopcock c 
is then partially and carefully opened so as to allow the mercury very slowly to rise 
until it is brought to the level of the point ; the stopcock is instantaneously closed, 
and the level of the mercury on the pressure-tube read : the temperature of the water 
in the external cylinder is given by means of the thermometer placed in it ; the baro- 
meter is also read, and from these data, the capacity of the cylinder at the point at which 
the observation is made being known, the volume of the gas at 0° C. and 700 millims. 
pressure may be calculated. 

With a view of testing the accuracy of this method of measurement, the ratio of the 
pressure under which the same volume of air exists at two adjacent points was deter- 
mined throughout the apparatus, and those ratios were compared with the ratios of the 
capacities of the same two adjacent points as determined by mercurial calibration ; tlie 
numbers should be the same in both cases; thus, pitting • • • • pressures 
under which any volume of air exists at the points 1, 2, 3, , and 7;j, v?;,, .... as 

the capacities of the appax’atus at the same points, as determined by mercurial calibration, 
the following results were obtained. The ratios of the pressures givcm below arc in each 
case the mean of not less than three experiments; the several observations at two adja- 
cent points were made with .slightly varying volumes of air, so as to get dilfercut readings 
on the pressure tube in each case. 


f=2-0597, 

-*=2-0576, 

■0, 

^^=l-C534, 

Pa 

=1-0641, 

^’2 

*=1'4'1C4, ■ 

P4 

^■=1-4402, 

*=1-3080, 

P5 

a^l-3900. 

*=1-4686, 

Pa 

•''’=1-4600. 

^'5 


Now the capacity of the aspirator at the fifth point may also be determined by 
drawing over into the aspirator a pipette of air, and ascertaining the pressure at 
’which that volume of air exists at that point; assuming this to he the true capacity of 
the aspirator at that point, and applying the ratios of pressures to the numbers thus 
obtained for that capacity, the following numbers are arrived at : — 


B P 


MDCCOLXSII. 
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72-000 


2*0597 

— 72*000 
-119-04 

1*4464 

-170.10 

1*3989“'*-' 

240-89 x1-4G85=353*75 


34*967 capacity in cub. ccntiius. at pciiiit 
72*000 » 55 55 55 55 


5^ ?5 


>5 5J 


?5 


the capacity at point 5, as determined from the pipette, being 240*89 cub. cciitiinM. This 
method of determining the capacity of the aspirator nuiy be tevinetl the method of air 
calibration. 

The capacity of the apparatus at the different points, as determined by tlu5 rt‘sp{‘ciiv(‘ 
methods of mercurial calibration and air calibration, are given in the following Table,:— 


Capacity in 

cub. centims. at point 1 . 

By raorciirial ciililiration. 

. . 34*93 

llj‘ uit’ caliliratidiu 

nb9(5 

?? 51 

55 55 

55 

55 

2 . 

. . 71-87 

72*00 

55 55 

55 55 

55 

55 

?) . 

. . 118-88 

li9*0.| 

51 15 

55 55 

55 

55 

4 . 

. . 171-92 

172*19 

55 55 

55 55 

55 

55 

5 . 

, . 240-61 

2-IO*H9 

55 55 

55 55 

55 

55 

0 . 

, . . 363-46 

36;;*7r, 


The capacities respectively given in those two columns aro dobu’iuitu'd by iud<‘p(n»h‘Ut 
methods; and it must be admitted, if wo consider the numerous obNervution.s iU!(;{‘H.sary 
for any one determination, that the concurrence of tluisc numbers is i;ruly surprising, 
and aftords a sufficient guarantee of the accuracy of the method cmphjyod Ibr tln^ il{it(.‘V- 
mination of the volumes of gases in these experiments. It is ncccvSHury, how(ivor, to 
observe tJiat the previous description is exactly applicable only to the ultinmtt^ form 
which this apparatus assumed with the various modiheations suggested by tiso. hi mj 
earlier experiments the apparatus employed differed in viirious d(!l,:i.n.s frenn that just, 
described; it was, however, constructed on porCectly similar ))rinej])h-s~"ii;tinclY. ibo 
measurement of a determinate volume of gas by ineans of :i, pipotb*, juhI Iho (‘sliu»;itioii 
of the volumes of girses at 0°C. and 7G0 millims. from the obscrviitiou of tlu^ pivssmv 
and temperature at which the same gases occupy a. known space. It docs not a.p])car (o 
me necessary to trouble the reader with a description of this a.i>])anituSi Nvliioli dlUhrc'il 
‘ from that just described rather in regard to convenience than precision, tin; ditfcreuce in 
this latter respect, if any, being in no way sufficient to affect the general rc'snlt. 

The pipette was placed on a table, being separated -from the aspivatoj* by an lritoi va.l 
of about 8 or 10 inches; in this interval the experiment to which tin; electri'/cd gas 
was submitted w^as made. When the gas was passed through a li(p.ii(l, Kmall glass bulbs 
were employed of the kind delineated in Plate I.ll. fig. 7. In bulb ft, tin; gas is 
delivered through a capillary tube so as to pass in minute bubblns. It .is luivdly 
necessary to observe that the level of tlie liquid in the bulb was so adjusted at tlu; ct.m. 
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mcncement of the experiment, by drawing a few bubbles of air through it by means 
of the aspirator, as to occupy the same position as that in which it was finally left at the 
conclusion of the experiment. Before the commencement of the experiment the 
aspirator was completely filled with mercury from the reservoir. 

In Plate LII. fig. 8 a drawing is given of the whole apparatus as arranged for experiment. 

I may here express the obligations which I am under to my assistant, Mr. J. 
EoBiNSOiir, for the effectual way in which he has aided me in this investigation, 
especially in the construction and use of this apparatus for measuring gases, towards 
the completion and perfecting of which he contributed several valuable suggestions. 


Section II. 

The action of ozone upon iodide of potassium has been investigated by Andeews and 
Tait*, and also by Von Babo and CBAUsf. These experiments were made in both 
instances with great care ; and my own observations entirely confirm the conclusions at 
which these chemists arrived, and so far present no new feature. It is, however, very 
desirable in so obscure a subject to multiply experiments; and as the following cx}^- 
riments were conducted in a totally different manner to that in whicli these chemists 
operated, and illustrate the working of the apparatus and the degree of precision attained 
by it, I shall lay them before the reader. 

A loiown volume of the electrized gas was drawn over from the gas-holder into the 
pipette and tlicre measiucd. The gas was then passed through a solution of iodide of 
potassium contained in one of the glass bulbs previously refen-od to into the aspirator, 
where the volume was again measured. After the experiment tlie solution of iodide of 
potassium was rendered acid by means of a dilute solution of hydrochloric acid, and 
the iodine formed estimated by a standard solution of hyposnlphito of soda. The 
quantity of oxygen equivalent to this iodine is here termed the “ Titro” or “ lodinc- 
titre” of the gas; it is a quantity which for the same gas is constant, and which may 
be estimated with the greatest precision: I have therefore selected this quantity as the 
unit with which other analogous quantities are compared. 

It is to bo observed that ozone is by no means the uuslablo lliiu-r wh*.cli it 


\ ■ b* 


imagined to be. The concentrated sulphuric acid oAcr u uicli (.zt.'uc bus hooii 
kept becomes singularly frc:c from colour and of a peculiar brightness. This doubtless 
arises fium th<j oxidation by the ozone of the particles of organic matter otherwise inva^ 
riably present in it ; but when the sulphuric acid has attained this condition, the electrized 
gas may be kept over it for many hours at the temperature of the laboratory w’ithout 
appreciable alteration of the “titre.” Thus in an experiment not made for tl iis purpose, 
and made without any special precautions for tlio i)n-:;ci'V{i:iori of tlio gas, the titre ” 
of a gas, twenty-four hours after the gas had been submitted to the olcctric action, was 
equivalent to 28*25 cub. ce.ntims, of hyposulphite of soda; after sixty-six hours the 

* .l‘]iilo,so])liical Trausiictions, It^GO, p. 113 . 

t Asiiiiilfji (lev Cliciaio uud TliiirmuciOj Sup])leinciit1jaiKl ii. (1803). p. 207. 
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“titre” liad sunk to 2S cub. centims., after ninety Lours to 20 cub. ccntims., and 
after 114. Lours to 18-T5 cub. centims.; and it is liighly probable that the electrized 
gas might be preserved over perfectly pure sulphuric acid in a cool place with very 
slight and gradual alteration. In the present experiments, however, no error could 
arise from such alteration of the gas, as the titre ” of the gas was invariably taken 
immediately before any series of experiments was made ; and if the experiments were 
extended over a time in which, judging from previous experience, the titre ” of the 
gas might he altered, this “ titre ” was again taken at the conclusion of the experi- 
ments. The “ titre ” is quite independent of the strength of the solution of iodide ot 
potassium employed ; it is not, however, deshable to operate with a strong solution, as 
in this case errors may arise from the oxidation of hydriodic acid during the process of 
titration by means of atmospheric oxygen. 

In the following Table the results of eight experiments are given, in which the volumes 
of the electrized gas before and after passing through a solution of iodide of potassium 
are compared, the volume before being that read in the pipette, the volume after being 
that read in the aspirator; these volumes, and all other similar volumes referred to in 
these experiments, are given in cubic centimetres reduced to O'’ C. and 700 millims. 
pressure. In the first column I have given the “titre” of the quantity of gas employed 
in cubic centimetres of oxygen similarly reduced. 


"Titre.” 

Volumo before the 
osperiniotit. 

Vohuno ftftor (.lio 
oxporimwit. 


269*55 

269*57 


271*33 

271*32 

10-52 

270*68 

276*11 

6-83 

272*28 

271*89 

5-47 

271*46 

271*40 

13*17 

274*18 

273*84 

13*17 

273-87 

273*45 

13*17 

273-90 

274*00 

Mean 10*30 

- - 

Mean 272*906 

Mean 272*705 


Assuming the mean as the covuoct result, it appears that for every 100 (aih. centims. 
of gas in the pipette 09*9o cub. centims. appear in tbc nsjurtitor, and 8‘7T cub. ccntims. 
of oxygen are absorbed by the iodide of potassium witiiout any appreciable dimiiiutiou 
of tl.\e volume of the gas, tlic slight difference found in the mean value of the volumos 
before aud after the experiment being fully accounted for by the absorption by the 
alkaline liquid of minute quantities of oxygen. 

[To increase the jmrcentngo of ozone was, for the purpose of the present experiments, 
no great object ; indeed to a certain extent it was even disadvantageous, as a gas rich 
in. ozone is more readily subject to decomposition than a gas containing a sm.nller p]-o- 
portion. The average amount of ozone in the gas as actually employed iu these expoii- 
meuts was about 4 ]icr cent, but occasionally much higher. The following Table contains 
the record of a ^■e^v estimations of ozone iu the gas after collection in the gas-holder. 
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Volume of gns iit 0“ 
uud 700 millims. 

“ Titre” in cub. eon(ims. 
at 0° aird 000 mUliuiH. 

“Titro” on lOOvoluiuos 

of gUB. 

86*97 

4*28 

4*92 

269*5 

13*58 

5*04 

281*7 

14-29 

5*07 

272*8 

15*15 

6*55 

270*9 

14*74 

6*44 


The actual “titre” of the gas issuing from the induction-tuhe must, however, in all 
cases have been somewhat higher than that here given, since several hours wcrci occupied 
in the collection of the gas, during which time the “ titre” was constantly although 
slowly diminishing. In the last experiment in the Table “the titre” of the gas was not 
taken until the day after that on which it was prepared, and must, judging from the usual 
rate of decomposition of the ozone, originally have amounted to at least 6*5 per cent. 

The experiments recorded in the following Table were differently conducted, the 
“titre’' of the gas being taken immediately after its exit from the induction-tube 
The temperature of the experiment is given in the first column. 


Tom2>. 

Volutno of guH at 0° 
and 700 millims. 

“Titro” in (uib. (tontiniB. 
at 0® and 700 millims. 

“ Titi’c” on loo volumoH 
of gas. 

0® 

88*97 

5*27 

5*9B 

-12° 

1 88*97 

6*65 

6*35 

- 9° 

88*15 

6*71 

I 6*47 

-10° 

88*15 

5*75 

G*6« 

1 


A very powerful coil was employed in these expcrim(5nts. The passage of the? gas in 
each experiment occupied about thirty minutes. The greatest contraction and highest 
titre attained in the experiments of Yon Babo and Olatjs was 5*74 per cent.*; but this 
was reached in only one instance, and the results of their other experiments wore far 
below this amount. 


The following experiment was made with the view of asdertaining the effect of the 
repeated electrization of the gas by passing it several times through the induction-tube. 
The induction-tube wns placed between two of the sulphuric-acid gas-lioldora previously 
described, so that the gas operated upon could he drawn through it from the one to the 
other, by causing a difference of pressure in the gas-holders, and thus submitted to the 
electric action as often as might be desired. After the passage of the gas through the 
induction-tube, portions of it were at intervals drawn off into tlin gas-pipotto, and the 
ozone estimated as usual by iodide of potassium. 

A portion of oxygen was thus passed once through the iiiductiou-tubc and there 
submitted to the action of the electricity generated by a powerful coil woikcd by niejuis 
of fi\ (; elements of (Ibovb’s battery of the usual sjz(‘. 


A ])ipettc of 04 cub. ccritims. capacity was filled Avith the g.'is at haronu'ti ic inA'ssiirc 
and a teinperatnro of 1.0" C.. and the ozone (‘stiinatod by passing it tlirougb iodide of 


potassium. 


* Zoc. cit p B03, 
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The iodine formed re(jiiired for titration 28 cub. centime, of the standard solution of 
hyposulphite, of which 1 cub. ceiitim. was equi valent to O'lObJ c;ub. ccntiiu. td 
oxygen. This corresponded to a “ titre ’* of about 3*4 per cent, of oxygcni. i 

The gas was again passed three times through the induction-tube and the ozone again 
estimated, the volume of gas, temperature, and pressure being the same as in tlu^ ])rc- 
vious experiment. 28 cub. centims. of hyposulphite were again required for the titration. 

The gas was now passed five times through the iuduction-tubo, b\it a ('.omparatively 
small coil was used in the experiment with five of Grovjs’s colls. The same volume as 
before required for titration 27 cub. centims. of liyposulphite ; that is to say, the “ titred’ 
of the gas, after having been passed ten times through the induction-tub (i, was almost, 
if not quite, the same as the titre of the same gas which had been passed once through 
the induction-tube. 

The gas from the last experiment was again titred after an interval of sixteen hours, 
during which time the quantity of ozone was materially diminished. Tlu) same volume 
as before now required for titration 17*6 cnh. centims. of hyposulphit(3. The gas was 
now passed twice through the induction-tube, the same coil being employed as in the 
last experiment. The same volume of gas as before now required for titration 20 cub. 
centims. of hyposulphite. 

The gas was again passed twice through the induction-tub(3- Th(.> same volume as 
before required for titration 20*5 cub. centims. of hyposulphite. 

It thus appears that there is a fixed limit prescribed by the conditions of th(3 experi- 
jncnt beyond which the formation of th(M)zoiie cannot ])us.s, juid, morf^own*, that this 
limit is j'cached at once. 

Ill this last respect thC'O results dif'i'i* esM-utijiIly /Vom thos'o of Vou ’IIaho audCljAUS*, 
viho found that for the production of a high percentage, 3*1 to 5*7 per cent, of ozone, 
the gas required to bo submitted for many hours to the action ol: thcj electricity gene- 
rated by a powerful coil, and that for several hours tlic gas thus operated upon under- 
went a regular diminution in volume. A point, however, was ultimately reached at 
which the volainc of the £?as remained uualtcn'd. 

Ko difference was dcti'ctcd, by detonation Avith hydrogen, between the composition 
of the gas previous to the experiment and its composition after having lioeii submitted 
in the induction- tube? to the electric action and pass('d through the solution of iodide 
of potassium. In tlic following experiment a bulb containing a solution of iodide of 
potassium was attached to the induction-tube, tlirougli Avliich a cujTcnt of oxygen, pre- 
pared by electrolysis and dried by anhydrous phosphoric acid, was pass(;d direct from 
the generator- The current of oxygen aaus passed through the tube and solution for 
from four to five hours before turning on the coil, and a portion eolhicted and detonated 
Avith liA'clrogcn. The numbers thus obtained corresponded to 100*00 percent, of oxygen. 
I he coil Avas tlien sot to Avurk Avithout disturbing the apparatus, and after half an hour 
a portion of tlie gas Avas again collected and analyzed; it Avas found to contain 99T 
per cent, of oxygon. 

* Zoo, cU. p. 304, 
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In another similar experiment the gas was analyzed in the first instance, after having 
been submitted to the electric action and passed through the solution of iodide of 
potassium, and was found by detonation with hydrogen, in two determinations respect- 
ively, to contain 99*5 and 99*0 per cent, of oxygen. The action of the coil was stopped, 
the passage of the current of oxygen continued for an hour, and the gas was again 
collected and analyzed; it was found to contain 99 per cent, of oxygen. 

The experiments of which the results are given in the Table below were instituted 
with the view of effecting a comparison between the amount of oxygen conx\sponding to 
the “ titre ” of the gas and the increment of weight of the solution of iodide- of potas- 
sium through which the electrized gas was passed. 

The general arrangements were the same as in the experiments last described. A 
current of pure and dry oxygen was passed direct from the generator through the 
induction-tube, where it was submitted to tlie electric action ; thence it was i)assed 
through a tube containing anhydrous phosphoric acid into the bulb containing the solu- 
tion of iodide of potassium; to this a second tube, containing anhydrous phos])horic 
acid, was attached, which was weighed, together with the bulb containing the solution 
of iodide, before and after the experiment, the exit of the gas being through a fine 
capillary tube. At the commencement of the experiment a current of oxygcni was 
passed through the apparatus until the weight of the bulb of iodide of potasKium and 
the desiccating tube attached to it became constant; they were siiniUirly weighed afLu' 
the experiment, the difieronco of weight in the two cases being the increment of weight 
due to the passage of the electrized gas. 

In column I. this increihent of weight is given, W ; in column II. the (•.orr(Jsponding 
“titre” (that is to say, the weight of oxygon corresponding to the iodine found), T; in 
column III. the difEcrence of these two, W — T ; in column IV. the increnmut of weight 

W 

corresponding to 100 parts of oxygen as estimated by titration, tliat is 100X :]r. 



IT. 

T. 

ni. 

W-T. 

IV. 

w 

.100 X ,j;. 


grtiu 

gmi. 


•0711) 

•0689 

•00.3 

1 04*;i 

*1983 

*18(55 

•0067 

103*6 

•1603 

•1548 

•00.54 

103’4 

•3338 

•3S45 

•on 

10,3*2 

•3939 

•3836 

•0103 

102-7 




103'4=Mean. 


The strength of the solution of iodido of potasNUim w'as iutcutionally viuh'd in the 
last two (‘xperiments — the last experiment h(mig luiulc Vv'ith a very weak solution of 
iodide of potassiiiui cmitainlng 2 guinirvies of iodide in 25 cub. conthris. of water, the 
preceding experiment uith a relati\o]y very strong solution. It bonce apjK'ars that for 
every 100 parts of oxygen shown by the “titro” of the solution .I0.‘b4; parts of mattor 
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are absorbed by that solution. The value of the hyposulphite employed for the titration 
was estimated with the greatest care ; and the difference ot thcHC two niiinbcu's certainly 
does not depend on any error in the mode of conducting' the oxperiincnt. Moreover 
every chemist who has experimented upon this subject has observed a difference in the 
same direction. The question is as to the cause of this difference. 

It appears, on the face of the results given in the preceding Tabic, that this diff(;r('ucc 
is ]proportional, or nearly proportional, to the “ iodine-titre,” which, again, is itself pro- 
portional to the quantity of oxygen employed in the {ixperimoiit. 

It was ascertained by Andrews and the point has been amply confirmed by Mkissner, 
that when the electrized oxygen is passed through an acid solution of iodide of potas- 
sium this discrepancy no longer exists, but the increment of weight agrees with the 
“ titre.” The same is true when the gas is passed through the solution of neutral iodide 
until the passage of the ozone is no longer arrested by it, in which case the whole of 
the iodine is converted into the form of iodic acidf . Two causes may be indicated, 
both of which tend to create such a discrepancy: — (1) the solution of oxygen in tlio 
alkaline solution of iodide of potassium; (2) the formation of oxides of nitrogen in 
the induction-tube from traces of atmospheric air mixed with the oxygon employed in 
the experiment. I have ascertained by direct experiment that wlicn atmospheric, air, 
carefully dried, is submitted in the induction-tube to the ekuffric action, very (‘-onsidcu'ubhi 
quantilies of Ihc oxidc's of nitrogen arc formed. Thus in one expennment in which 2001) 
cub. centiuis. of air were tlins operated upon, and then passed through a bulb containing 
a solution of caustic potash, 0*0086 gramme of nitrogen was afkor the oxporimont 
detected in the alkaline solution in the form of nitric -and nitrous acids, tlve uii.rog(‘u 
being carefully estimated in the form of ammonisi. Now, assuming the. io(.liu('-til-r(‘. to 
have amounted in the previous cxpcu'imcnts to 4 per cent, of tin*, total gas, in the llrsfc 
experiment (which exhibits the greatest divergence) 1257 cnb. centims. of {)xyg(ni must 
have been operated on hi the induction-tube. If tiu' giw contained only ;i vol. in KKif) (ff* 
nitrogen, 1000 cub. centiras. would contain 0*00125 gn.nnii.i.c of Jiilrogoii, corn-.-'i^jondiiig 
to ‘0034 gramme of the teroxide of nitj’ogon, wliich i.s more tiuiii tbe wJiole diffej'tmccj. 

Andrews attributes the discrepancy reterred to to the presence of carbonic; acid in 
oxygen formed by electroly.sis J ; but, a.s has been clca.rly shown by tla; 

occurrence of carbonic jicid was simply a peculiarity in the cxporinient.s of A.n.I).im:w.s, and, 
inorcovc]*, tlio gas employed by Meissner ivas derived from chlorate of potash, and 
speciallj" freed from carhonie acid||. In the case of gas collected, as in the present 
experiments, over large of '--.'.l tv. ' h- acid, such traces as might be present, 

either of the oxides of j- ..i-- i.-.-i? acid, would doubtless be removed by 

solution ill tliat liquid. 

There is still something here to be explained; but I have not i)ur.sue(l tlio subject 


* Piiilosophioal Trajisactions, 1S5G, vol. cxW. p. 8. 
t Philosophical Transactions, 1850, vol. cxlvi. p. 4. 
II Mmissynu, p. 17. 


t MkibsnJ'JB, p. 78, TaWo U. 

§ Aunalon dor Phy.'iit, vol. xeix. p. 01 . 
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further, any errors arising from this cause being too minute for satisfactory appreciation 
by the methods employed, and not essentially affecting the results. — April 1(S73.] 

In the following experiments a pipette of electrized gas was passed through a small 
glass tube heated with a Bunsen burner, and the volume measured in the aspirator. In 
experiment 1 a pipette of gas was also passed through a solution of iodide of potassium, 
and the volume measured with the result given in the first line in the Table below. In 
column 4 the sum of the volume in the pipette and the “ titre ” of the gas is given. 



“ Titre." 

Voluino Iwforo Uio 
oxporiiiioiit. 

Volinuo after tho 
cxporiiiieiit. 

Sum of iho “Titro" 
and tho voliuno of 
(ho gii.s bofom (lit) 
oxporiuiout.. 

Experiment 1 ... 

12-27 

270*63 

270*49 


1,2*27 

270*07 

282*56 

282*34 

^Experiment 2 ... 

12*27 

290*81 

303*24 

303*08 


This result is in perfect concordance with the experiments of Von Babo and (’riAUsf, 
who found, in the series of experiments before referred to, that the contraction which 
oxygen underwent under the inffuenco of electricity was equal to the volume of oxygen 
represented by the titre of the gas, the moan of their experiments giving a contraction 
of 98*27 volmnes for every 100 volumes estimated by titration. Tbo exjxuiimmtM also 
of Andiiews and Tait indicate the same comdusion, their last and most e.on{M>r<lant a, ml 
exact series of experiments giving (if I rightly understand them) a contraction of 93 to 
95 volumes for every 100 volumes of oxygon thus estimati'd:|;. 

It was a matter of interest to ascertain the way in which the ozone is affeeffed by litiat, 
and the amount of ozone capable of surviving at different temperatures. In the tliroc 
following experiments a pipette of the electrized gas was pasH(.'d first through a glass 
tube heated in a bath of definite and constant temperature, and then through a solution 
of iodide of potassium, the gas being finally measured in tlie aspirator ; tln^ difference 
between the original ‘‘ titre ” of the gas and the “ titre ” after its passage through the 
heated tube gives the amount of ozone destroyed, which should cori-c'spond Avllh the 
increment of volume as ascertained by measurement in tlic aspirator. 

In the first column of the following Table is given the terapcu'aturc at "whicb the 
experiment was made; in column 11. is given tire “titre” of the ga.s before the expe- 
riment, T; in column III. the volume before the experiment, V; in column lY. the 
“ titre ” of the gas after its passage through the heated tube, Tj ; in column V. the sum 
of the “titre” before the experiment, and the volinnclxfibrc tlic experiment, T-fV ; in 
column VI. the sum of the “titre” after the experimeat, and tlic volume after the Oxpe- 


Altlionpfli i.lio “titre” of tlic ga.s liappciis fco Be tho same in tlicso Lwo I'xja'riiJicnl..-;, tlioy wore made with 
lUlliircnt gases ni; dilforeut tmves. 
t Aunaloii dor Chom. n. Bharm., ^niijjlcmi'iit'band ii, p. 303. 

Philosophiciil Transaction.s, JSOO, v(d. d. p. 
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I’iment, Vj, tliat is, Ti+ ; in column VII. is given tlu^ difference of tlu^ tiirc ” before^ 

tlie experiment and the ‘‘titre” after the experiment, T — *1^ ; and in column VI U. tlu^ 

T— T 

percentage of ozone destroyed as calculated from the equation, .'i’=l()0 -->j, ’, whon^ 


whon^ 


w is the percentage referred to, and T and T— 1\ arc the munhers belonging to the 
experiment in columns II. and VII. 


Tcinporatiiro. 



4-48 
4*43 


14-43 


273-64 

272-96 

273*60 




T4.V. 

288-12 

287*39 

287*93 




M’ • -T 
o>,.H 



If the experiments were made with perfect accuracy, the numbers in columns V. and 
VI. should he identical. In the first experiment the difference hcRwc^cn those numbers 
is beyond the usual error of experiment. This, however, docs not affect the “ titro ” of 
the gas, which is quite independent of any accidental error of ineasuremout. It thus 
appears that by merely passing the electrized gas through a tube heated to 200” (J. 97*1 e5 
per cent, of the ozone is destroyed. 270” 0. is the temperature given by ANiuJKWf^ and. 
Tait as that at which the ozone is “rapidly destroyed;” the jioiutof uipid (Uiconipositiou 
of the ozone lies, however, considerably below tins tcmperutiirc. 

The change in volume which the electrized gas uuclcrgocjs wluui brought in contatd 
with metallic silver and certain other substances is closely related tt) thes expansion 
of the gas at an elevated temperature ; I have made some experiments on this point 
also. 

When the perfectly dry electrized gas is passed through a tube containing silver leaf, 
the silver leaf becomes dark in colour at the place where the gas enters the tube, the 
change in colour appearing as dark specks and also as a transparent film of a pnrphihue 
on the surface of the silver. This change in appearance extends, however, but a very 
little way into the tube, which becomes intensely hot where the gas enters; not a trace 
of ozone passes out of the tube, and the gas measured in the aspirator is found to liave 
undergone an increment of volume. T'hc sibm: hxif and other substances employed in 
the following experiments were contained in small tubes of thin glass. The tube was 
kept during the experiment at the tcinperatiirc indicated in column I, of the following 
Table: in which Table T is the “titre” of the gas; V is the volume of the gas before 
the experiment; Vj is the volume of the gas after the experiment; T-f V is the sum of 
the “titre” of the gas and the volume of the gas before the experiment. 
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Tciuponiiuro. 

T. 

V. 

Vp 

T+V. 

14°-7 C. 

14-43 

J273-17 

287*38 

287*0 

10° c. 

9*33 

273-23 

283-45 

282-65 


9*1 

272-97 

282*05 

282-07 


8-98 

272-2.3 

280-39 

281-21 


It hence appears that the electrized gas when tlnis i)assed over metallic silver undergoes 
an expansion equal to the “ titre” of the gas, precisely as though the gas wore passcal 
through a heated tube. The dilFcrence between the numbers in columns IV. and V. 
falls within the unavoidable errors of experiment, and is inappreciable, except perhaps 
in the last experiment. The quantity of oxygon retained by the silver must therefore 
in these experiments have been excessively minute. That this oxidation of the silvcn* is 
nevertheless an integral part of the action, and although minute is still capable of 
estimation, appears from the following experiment, which was mad(! with every precau- 
tion and with a special view of determining this point. Tlie tAVo (ixperiments were 
made consecutively, without detaching fi-om the apparatus tlie tube containing the 
silver. 


T. 

V. 

V 

V 

T+V. 

9*08 

9-08 

370*27 

209-07 

278*01 

277*77 

279*95 

279*35 


llcgarding these two observations as constituting a single oxperinunil;, the total volume 
measured in the aspirator after the experiment, namedy the sum of tlie volumes in tlui 
tAvo experiments headed is 55G‘38, whereas the sum of the volumes iu the two 
experiments in the column headed T+V, column V., is 550*30 ; tlu^ dilfercnce between 
these volumes is 2*92 cub. centims., which, if the experiment be correctly conducted, 
represents the oxygen retained by the silver. 

The tube containing the silver was now heated by means of a spirit-lamp, and the 
gas evolA’'cd measured in the aspirator; this gas amounted to 2*5 ciih. centims., the 
<Ufforenco betAveon this numhor and the previous deficiency 2*02 cnh. centims., that is 
0*34 cub. ceiitim,, being the total amount of oxygen miaccoi.iut(jd for. 

The oxide of silver here formed appears to be a peroxide of silver ; for if a tube in 
which such an experiment has been made be washed out with a solution of iodide of 
potassium iodine is formed. That the minute quantity of the peroxide of silver thus 
formed is really au effective agent in determining the decomposition of the ozone, is 
rendered probable from the circumstance thatthcbinoxid(‘of iuangan(xso produces a pr('- 
cisoly similnr cliangc (jn to Ih*- decomposition, of ihe (;zoiic anil the cxj)ansiou of tlii^ gas) 
to that produced by sIlAcr, a ruaill amount cifoxygi'ii. being Ina'C also (if one (iX])crimeut 
may be trusted) retained by the agent by which the decomposition of the ozone is 
effected, while the contact of the metals copper, gold, and aluminium ])rod[.i(:os no 
change whatever iu the gas ; these points are evident from the following experiments. 

3 Q 2 
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An experiment thus made with hinoxicle of manganeso gave tlic folloAving result 


T. 

V. 


T+V. 

13-45 

376-98 

388-84 

390-43 


The difference between the numbers in the fourth and third columns, namely 1*59 
cub. centim., represents the oxygen retained by the manganese. 

The three following experiments were made in a precisely similar maniu'.r witli tlu', 
metals copper, gold, and aluminium, with the exception of a bulb containing iodide of 
potassium being placed immediately after the tube containing the metal; the “titn^” 
of the gas after the experiment, Tj, as estimated in this bulb, is given in the last coliuim. 



T. 

y. 


T,. 

Copper 

14*66 

376*48 

376*07 


Gold 

14-36 

376*10 

375-81 

14-27 

Aluminium... 

14*17 

375*53 

374-61 

14-30 


It appears from these experiments that the “ titre” of the electrized gas is precisdy 
the same after the passage of the gas over these metals as before the experinumts, 5 iud 
also that the volume of the gas is unaffected, tlie results being tlie same as though the 
gas had been passed through the solution of iodide of potassium alone. 

When the electrized gas is passed tlirough a solution of binoxkh^ of sodium the ozoll(^ 
is destroyed, and a certain portion of the hinoxidc of sodium also is dcKiompowul. 'fliis 
reaction is constantly referred to as an asccrtahuKl fact, but has lu^vtjr Ix^eii riially 
investigated. It was of great iini)ortancc, in relation to the theory of this rcMudiou, t(; 
ascertain, by experiment tlie inli;!io:i wliiels ex::-!. l.M-lu'ecii the two decompositions. 

The points to he ascerLaim.vl w re il;(‘ ” (.1 iiu* electrized gas, the oxygen lost 

by the? binoxide of sodium, and the ratio of this oxygen to the “ titre,” also the expan- 
sion undergone by ilui cloctvi/.ed gas, the difference, that is, of !;lu‘ volunu's of the gas 
afte.L’ and before the experiment, and the ratio of this dilixTcnce to the “ titre” of the gas. 

The oxygen lost by the binoxide of sodium was detcrmiiu^d by titration (d’ the solu- 
tion of the binoxide of sodium bolbrc and after the cxp(n.'ijneiit -Nrith a standard solution 
of pcrinunganatc of potash, according to the jiudhod described !)}■ me in a former paper*. 
From the d.iffcreiice between tUcso two titrations the amount of oxygen lost by the 
binoxide of sodium may bo calculated. 

Since ozone is decomposed tvlien bi’onght in contact wi tb a solution of caustic alkali, 
which substance is always present in the solution of binoxide of sodium, aud, indeed, is 
a product ol the decomposition of it by ozone, it was possible that errors in the exact 
estimation of the reaction might arise from this circumstaiux;, a,s also from the spon- 
taneous decomposition of; tlicperoxi.de of sodium, which is especially .ra]nd .in a .strongly 
alkaline solution, io guard against such error.s, the hinoxidc of .sodium in ilie first 
experiment was dissolved in water saturated with carbonic acid. Ozo 3 ie, although 
, • * Piulosoi)l]ieiil Ti-aiieacUoii-s, 18012, vol. clii. p. S-JO, 
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dcsti’oyed by caustic soda, is totally unaffected even by a strong solution of carbonate of 
soda. This fact I have ascertained by experiment. In the last two experiments the 
volume of gas after the experiment was not measured. 

Ill the next Table T is the “ titre” of the gas. 

V is the volume of the gas before the experiment. 

Vi is the volume after the experiment. 

Vj— V is the increment in the volume of the gas. 


Zi-Y 

T' 


is the ratio of this increment to the “ titre” of the 


gas. 


P is the amount of oxygen lost by the hinoxide of sodium, as estimated by titration 
calculated in cub. centims. at 0° C. and 7G0 millims. 

P+T is the sum of the oxygen lost by the hinoxide of sodium and the “titre” of 
the gas. 

P+T . 

-TjT-- is the ratio of this sum to the “ titre’’ of the gas. 


1\ 

V. 

Vr 

V,-Y. 

v,-.y 

T * 

r. 

P-hT. 

T • 

.+92 

2G9-84 

277*4 

7-5G 

1-93 

4*19 

8*11 

2-()r> 

7*4i3 

273-81 

288-C2 

14-81 

1*99 

8-70 

lG-12 

2-17 





— 

3*26 

C-4<) 

2‘0« 

ivu 






3*61 

6*93 

2*08 

„ — 

^ , 

...... 

.K- - ' 


- - 




It appears from these experiments tliat the ozone end the hinoxide of sodium ar(^ 
dc'composed in exactly equivalent proportions, and that in this de(!om])o.sitiou (upial 
volumes of oxygen arc evolved from each of the two substances r(iH|)Octiv(.dy, the reaction 
in this respect being similar to the decomposition of the peroxides of sodium by ptomian- 
ganic acid and ferrocyanide of potassium, and to the various deoxidations eftbeted by the 
peroxide of hydrogen previously investigated by me, and discussed, in a former com- 
munication to the Society*. 

That this reaction has all the characters of a normal chcimical decomposition occurring 
according to the law of definite and multiple proportions, is further prov(3d by the fol- 
lowing (‘\q)(n;im(nits, in which the hinoxide of sodium was so dilutee as to allow of the 
passage throngli. it of a certain ijoi-lion of {In* electrized gas with its properties unaltoi’ed. 
After the bulb containing the :^ohi(;i():i of* hinoxide of sodium a second bulb was placed, 
containing a solution of iodide of potassium ; the difference between the original “ titre ” 
of the gas and the “ titre ” after the experiment of this solution is the “ titre ” of the 
ozone by which the decomposition of the hinoxide of .sodium is : <■'" c; ■!. a::!'', 

the ratio of the amount of oxygen, P, lost hytli(i binoxidc ot* sodiiiivi (’o tlvls difTcn'JKK^ 
giv(‘s t'bo ]u:o})oi’tion in which tlie oxygen is (evolved Iromtlie twu sub.staiUK.'s .r('.s]M;(;tivcly. 

T is the: original “ titro ” of the ga.s. 

T\ the “litre” of the gas after its passage thron.iih Ibo .^olulion of biiK^ridc of .sodiimi. 

*■ Thilo^soiihical Transactions, I'-'iO. p. T-”"; av.ii y,. 


m 


SIB B, 0. BllOBlB ON THE ACTION 01'^ EL150'rJMCl.TY ON fUSISH. 

T— 1\ the “titrc” of the gas destroyed by the biiioxidc of sodium. 

P the amount of oxygen lost by the binoxide of sodium, ascertained by the tiiratiou 
with permanganate of potash in the way before mentioned. 

P . 

the ratio of the volume of oxygen evolved from the binoxide of sodium to the 

volume of oxygen evolved from the electrized gas. 

In these three experiments the solution of Ihnoxidc of sodium was saturatc’d with 
carbonic acid. 


T. . 

T,. 

T~T,. 

7*98 

3*9G 

4*02 

3*41 

0-08 

2*33 

1‘27 

0*05 

1*22 


There are doubtless numerous chemical substances which stand towards ov.om^ in the 
same relation as iodide of potassium, and in which an oxidation may ho efhicted by the 
electrized gas equal in amount to the “ titre ” of the gas without any alteration of it.s 
volume. Thus in two experiments in which the electrized gas was ])assod througli a 
solution of the protonitrate of mercury, the two experiments being made cou.sc(!UtiT<dy 
and with the same solution, the ibllowing n^sults were obtaimsd • 


Voluino of giifl ill 
tlio ))ii)otki. 

1 

Voluino ol’jijiiH in 
llio nH|)inil,yi'. 

268*14 

267*96 

267*21 . 
268*06 


the gas being deprived of its special oxidizing power, and the oxidation offijcted without 
alteration of its volume. 

In tilt following experiments also, wdth protochloridc? of iron and pi’otosulphatc of iroiiy 
the oxidation effected is equal to the » titre” of the gas. In the case of protochloridJ 
of iron a measured quantity of tlie solution was “titred” hefbni the c'-xperinumt with 
permanganic acid, and the I'ohunc of oxygen nujiiired to effect its complc^ito oxidalirm 
was determined. The solution through .which the gas ivas passed was siiriilarly titred.” 

From the difference b(.twctm the ‘''titre” of these solutions the oxidation effbeted bv the 
electrized gas was estimated. ' ^ 

In the case of the pj-otosulphatc of iron, the ozone was not entirely destroyed by its 
passage through the solution, and a second bulb containing a solution of iodide of 
potassium ivas placed after the bulb containing the solution of protosulphate of iron ; 
the difference of the original “titre” of the gas and the “titre” of the gas after its 
passage through tlie solution of protosnlph-ato of iron gives the amount of oxidizing 
power lost by the clcctri/cul gas in its passage tlirongh that solution. The difference 
between the ‘‘titre” of the solution of the protosulphate of iron btdbrc and after the 
expeiiment gives the oxidation actually effected. The following is tlie result oi' (me 



SIE B. 0. BEODIB ON THE ACTION OP ELECTEICITT ON GASES. 


457 


experiment tlius made with protdcliloride of iron, where T is the ‘‘titre” of the 
electrized gas, S the amount of oxygen corresponding to the actual oxidation effected, 

and K=;®. 


T. 

s. 


3*197 

3*218 

1*00 


In two experiments with protosulphate of iron, putting T as the original titro ” of 
the gas and as the “ titre ” of the gas after its passage through the solution of proto- 
sulphate, T—Tj as the difference of the two “litres,” S as the oxidation actually 

effected in the solution of protosulphate, and 11= rji— Trr’ following results were 

X ” X £ 

obtained : — 


T. 


■ 1>-T, 

S. 

E- ” 

T~Ti' 

1*124 

0*080 

1*044 

1*003 

0*97 

1*122 

0*134 

0*988 

1*042 

1*05 


' l^roin the discrepancy which existed between the oxidation of a solution of iodide of 
potassium, as indicated by the “ titro,” and tiie increment of weight of the same solution 
after the passage of the electrized gas, I was led to make the Mlowing (ixperiaumt witli 
a solution of protosulphato of iron, with tlie view of ascertaining whether or no a similar 
discrepancy would be found to exist in this case also. The experiment w’as arranged 
precisely as in the previous experiment referred to (p. 449). 

A current of electrized gas was passed through a bulb containing a measured quantity 
of a nearly saturated solution of protosulphato of iron, which was weighed with the drying- 
tube attached before and after the experiment. The gain in weight was *2125 grm. 
The oxidation effected, as estimated by titration with a standard solution of permanganate 
of potash heibre nod after tho experiment, corresponded to *2;LS4 graiuinc of oxygen. 

Now oxidation indicated by the titration being rather less than that 

shown by the gain in weight of the solution, and tho discrepancy being in the reverse 
direction to the discrepancy in the former case. 

Hence it appears that the oxidation effected in these solutions exactly corresponds to 
and is equal to the titro ” of the electrized gas by winch tliat oxidation is cirected. 
The oxidation similarly effected in an acid solution of fcrj;ocyauide of potassium and in 
a solution of arsenite of soda is of the same character ; the experiments, however, 'wliicli 
I now proceed to lay before tho reader belong to a different order of phonomena. 
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According to the statements of Andrews and Tait, the action ot* ozone upon an acid 
solution of iodide of potassium is, as regards the amount of oxidation (diccttul, identical 
with its action upon a neutral solution of iodide of potassium. “ In some of tlie (‘xpe- 
riments the solution of iodide of potassium was slightly acidulated, in others it 'was 
neutral;” but the results were the same whethe]’ the solutionwas taken in tin* mnil.ral 
or in the acid state”*. The method is not mentioned by whicli a comparison was cfli'cted 
between these results; but the assertion is probably to be explained by the cire.um stance! 
that these chemists experimented only with very dilute solutions of hydi, iodic, acid, in 
which case the difference between the two oxidations, althougii by no means imper- 
ceptible, may not have been appreciated by their method of estimation. Out of many 
comparative experiments in no single case have I found the two oxidations to bci 
identical. Meissner, on the other hand, who detected the csscmtial diffenuKu^ in llm 
case of the two oxidations, has fallen into an error of a cliffbrent ordcjr, inferring tlu^ 
oxidation effected in the neutral iodide of potassium to be am altogctber inc.ornu’.t uusi- 
sure of the ozone contained in the electrized gasf. I shall liorc'ufter recur to Ins (‘xpe- 
riments on this point. 

The following experiments were among the first made hy mcj as to tlu' (pi!uitil.a(:iv(^ 
reactions of ozone, and were imdortakcm bedbre the (jonstructiou of (.Ik,’, apparatus (or 
exact measurement previously described, which accounts for somc^ (h.duiienciciN in ilnsm. 

The volume of gas before the experiment was nicasurod iu a gas-])ij)ett(j, into wlilcdi 
the gas was passed from a sulphuric-acid gas-holdcu* substautially of tll{^ sanu^ con- 
struction as that previously described; the actual capacity of tliis piptifcto wa-s 2()rn44 
cub. centims., and the pipette contained a volume of gas which, at tlui tcunpt'ruturo 
and pressure at which the experiments were made, was in round numbers (upial to 2«5() 
cub. ceiitiins. at 0° C. and TGO milliiiis. pros.sure. This volume does not in any way appear 
in the result of the expevirnent, and I sliall sx:>cak of the volume of gas employed simply 
as a pipette of the ohxjtrizctl gas : this volume is assumed to bo the same in consecutive 
experiments, which is not exactly true; for although tlu*. ha ro meter may be consukued 
constant for the short interval of the*, experinumts, tluj temperature of the gas was 
subject to slight variation: this variation inextronui cases amounted to as much as 1® (k 
I have taken no cognizance of this point in tlio cnl.ciLlatiou of the experiments, as it- 
could only affect the results to tlie extent of yt -j part, whence the error in the calcu- 
lated result would appear only in the second decimal place, and be inap])rcciablo. 

The investigation of the action of ozone upon hyclriodic acid is c()mplica.t('d by the 
analogous decomposition effected by the oxygen with which the ozone is iiivariublv 
associated; in weak solutions of hyclriodic acid thi.s latter oxidation is c'xtrenu'lv mimile 
but in strong solutions great errors would arise if it wore not talccm into axicount. 

The oxidation effected hy the passage of a pipette of oxygc'ii throiigli a sfrlutiori of 
hydrioclic acid of a known degree of concentration was determined by jjassiiig a, pi])eLte 

* Philosophical Transiictions, ISfiO, vol. d. p. 

t ‘Ncr.o I'jjtorsudmiigoji iilor den dolvirisirlen SiUicrstojT,' LS'jO, p. 
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of the gas through the solution of hydriodic acid contained in one of the small bulbs 
previously described, and estimating the oxidation effected with a standard solution of 
hyposulphite of soda in the usual manner. A strong solution of hydriodic acid invari- 
ably contains a certain amount of dissolved iodine ; this amount was similarly estimated 
before the experiment in a quantity of the solution equal to that employed in it, and the 
number of cub. centims. of hyposulphite of soda employed in this titration was deducted 
from tlie number of cub. centims. of the same solution employed in the final titration. The 
difference represents the oxidation effected. The hydriodic acid was made of a definite 
strength by suspending in water a weighed quantity of iodine, and passing through the 
solution a current of sulphide of hydrogen, the acid being purified in the usual manner, 
a method sufficiently exact for the object in view. 

The solution of hydriodic acid employed was measured, in all cases, in a small pipette 
of the same capacity, namely about 15 cub. centims. This quantity will be hero 
termed a bulb of the solution. 

The following experiments were made in the way described at a temperature of 18° 0. 

I. 16 cub. centims. of the solution contained about one gramme of iodine in the form 
of hydriodic acid ; a bulb of this solution rc^quired for titration before the exporiment 
0*72 cub. centim. of the standard solution of hyposulphite. After tlie passage of tlio 
oxygen, the bulb of hydriodic acid required for titration 1 cub. ccmtiin. of tlie same 
standard solution, which gives 0*28 cub. centim. of hyposulplut(3 as equivalent to the 
oxidation effected by the pipette of pure oxygen. One cub. coiitbn. of the Iiyposulpliitc 
employed was equivalent to 0*0002814 gramme of oxygen. Tlie oxyg(.‘n tlicrcf()j*e 
operative in the experiment for the decomposition of tin.', hydriodic acid was c(a*taiiily 
not more than *000093 gramme. It was useless to attempt to follow the oxidation 
beyond tins point. 

II. 8 cub. centims. of the solution contained one gramme of iodine ; the bulb of solution 
before the experiment required for titration 1*4 cub. centim. of hyposulphite and after 
the passage of the gas in two experiments 3*25 and 4 cub. centims, of the same. Taking 
tlie }nean of these two experiments, 3*G2 cub. centims., nud dc;(liictiug 1*-1: cid>. iicjillm., 
wo have 2*22 cub. centims. of the standard solution of hyposulphite (jf soda as (he 
measure of the oxidation. 

in. 4 eub. centims. of l,ho solution contained onti gi’iiimno of iodine in tiirec^ experi- 
numts ; tlie “ titre.-s'’ after the experiment were respeel-Lvely 5, 7*5, iuid (j‘T5 cub. ceniiins. ; 
the “ titre'’ before tlie experiment w^as 2*8 cub. centims., and the mean oxidation effected 
^vas equivalent to 3*()1 cub. centims. 

IV'. 2 cub. centims. of the solution contained one grain of iodine ; the “ til'.re” after tlio 
experiment was in three determinations respectively 9*75, 0*75, and 10 cub. cciilmns., 
and bclbre the experiment 5‘T5, the oxidation effi'cted heing equivalent to -l;*0S cub. 
ccutiras. 

Y. In the case of a verv strong solution of livdriodic acid, of which 1 cub. centim. con- 
taiued one gramme of iodine, 22*75 cub. ceutims. of byposiilphito -were required for 

MUCCCJA'XII. 3 B 
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titration after the experiment and 14*2 before the experiment, the oxidiition heini^ 
equivalent to 8*5 cub. centims. 

These numbers exhibit in experiments made under the saim' gciK'ral conditioiiK \ <'ry 
appreciable diiferences, and in the case of very concentrated solutioiiH ot liydriodic acid, 
as in experiment V., undoubtedly become inaccurate from the oxidation ot tlie liydriodie. 
acid during the process of titration, and also to a certain extent fixnu viiriutions dependent 
on the rate of the passage of the gas through the solution, and tlui tiling ior whidi iln^ 
surface of the solution is consequently exposed to an atmost)h(,'ro ot' oxygcni. I'hest^ 
differences, however, although undoubtedly a source of error, neverthdt^ss ar<5 V('ry Kinnll 
as compared with the total oxidation in the analogous oxp(U'iinent.s unule with an 
electrized gas, and would hardly affect the result to more than one per cent., oxetjpt in 
the extreme case given in experiment V. 

The mean results of the preceding experiments arc given in the two ({olvunns below. 
The numbers in column 11. indicate the amount of oxidation effected by tln^ pavSHUgo 
of a pipette (that is about 250 cub. centims.) of pure oxygen at a tonqK'rature of IH ” 
through a bulb, or (15 cub. centims.) of liydriodic acid, as estimaUul in (aib. centims. of* 
the standard solution of hyposulphite of soda. The degree! of c.oiKu'ntrution of tb<‘ 
liydriodic acid employed is indicated in column I., in which is given tlu! immix'i’ ofenln 
centims. of the solution contaiiiing one graramo of iodine. Oiu! (nih. centim. of llu* 
hyposulphite employed was equivalent to ()'()0{)2H,14 graiunn! of o\yg(‘n, wbeinu; tin! 
actual oxidation effected can ho readily calculahid. Tor tin! presemt object Huh is n<jt 
necessary. The numbers marked f an; interpolated from (jahnilatiou, am.) ai*<! nuxiu 
of the two experiments between which tlicy appear. 


I. 


;ir. 

1 cub. 

ecu Uni. 

1 

C) 

97 

4-os 

t3 


8*80 

4 


3-Gl 

t6 

?r 

3*00 

8 



fU 

W 

1*05 

16 

1 

97 

0*08 


In d<?tormiuiiig the oxidntiou effected by tin? action ()f tlie (T'clri/ed gas iijnni ila* 
solution of .liydriodic acid, tlie total oxidation was estimated pu'cisely as in t,lu' experi- 
ments just described; and a correction was made for the cff(;ct of th(! oxygen a.ssociii.tcd 
niuh the ozone by deducting from the number ot cub. centims. of tin,' standard solution 
of hyposiilpbitc of soda wliich represented the total oxidation, the iivnnbor of cub. C(!uLiins. 
of the same hyposulphite of soda which represcnhid the oxidation due to thc! ])ussag(! of.' 
the pipette of oxygen througli a solution of liydriodic acid of tlie strengl.h eui ployed in 
thc experiment according to the procoding Table. ^J.'his correetion is madi' iipfin tla* 
hypothesis that the oxidation effected in the h5'driodioacul is constituted (.)(,’ two distinct, 
parts ’Uanicly, thc oxidatiori effected by the ozone and the oxidation eff’ccicd by the 
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oxygen with which it is associated, which are assumed to be separate and independent 
occurrences. The truth of this assumption, however probable it may appear, cannot 
1)(^ demonstrated by apiori reasoning; but if, proceeding upon this principle, it should 
be found that the ratio of the oxidation eifected by the ozone to the “ titrc” of the gas 
under varying conditions has a constant value, there is every reason to believe the 
assumption to be substantially correct. 

It is unnecessary to give the details of these experiments ; but I will offer one or two 
examples to explain the mode of proceeding. 

A pipette of electrized gas was passed through a neutral solution of iodide of potassium, 
which required for titration, after the passage of the gas, 12*5 cub. centims. of the standard 
solution of hyposulphite of soda. 

A pipette of the same gas was passed through a bulb of hydriodic acid, 4 cub. centims. 
of which contained one gramme of iodine. The “titre” of the hydriodic acid, after 
the passage of the gas, was in two experiments respectively represented by 28*2 and 28*7 
cub. centims. of the same hyposulphite of soda, deduction for the “ titre” of the solution 
before the experiment having been made on the principles previously explained. ISTow 
8*61 is the number given in the Table as that of the cub. centims. of the same hyposul- 
phite of soda, which represents the oxidation due to the passage of a pipette of pure 
oxygen through a bulb of hydriodic acid of the dcgrcje of concentration employed in 
the experiment; subtracting this number from 28*2 and 28*7 rcapoctivoly, wo have 24*0 
and 26*1 as the numbers representing the oxidation due to the action of the ozone; and 
putting II as the ratio of the oxidation of tlio hydriodic acid to the “ titre” of the gas, 

wo have, in the two experiments respectively, ll=^^=l*96, and ll='“y:“=2*00. 

A similar experiment made with a solution of hydriodic acid, of which 2 cub. centims. 
contained one gramme, gave the following results : — 

The “titre” of a pipette of the electrized gas with neutral iodide of potassium was 
represented by 19 cub. centims. of the standard solution of hyposulphite of soda. 

The “ titro” of a pipette of the same gas passed through the bulb of hydriodic acid 
was represented by 41*8 and 41*3 cub. centims. of the same hyposulphite! ; the corj-ectiou 
■foi' th(! influence (d: tln.^ associated oxygen is 4*1 cub. centims. ; wlienct!, subtracting this 
luunbfn; from 41*8 and 41*3 respectively, we have 37*7 and 37*2 as the cub. ccaitims. of the 
standard solution of hyposulphite repL*(‘S(.'u.tiug the oxidation efpjcted by (;lie ozone in the 


.37*2 


35 


:1*S7. 


several experiments, and we have for the values of R, R=“J(j"=l*90, and 11= 

The following experiment was made with a dilute .solution of hydriodic acid, of which 
16 cub. cciiitims. contained one gramme of iodine, on Avhich the action of pure oxygon 
\voiil(l be almo.st imperceptible, the deduction according to the Table araounthig to no 
mor(i tliaii 0*28 cub. centim. 

'.rhe “ titre” of a pipctt(! of gas passed tlirongh neutrjd iodide of potassium n as 12*5 
cub. centims.; tlic “titrcj” of a pipette of the same gas passed through the .soUitiou of 
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liydriodic acid was 23'8 cub. centims. ; deducting' from this 0*3 cub. ccutim., we have 2.‘)*r) 
cub. centims. as representing the oxidation effected by the ozone, whence It: 


.2.1*5 




An experiment conducted in a perfectly similar maimer, hut witli an oxccodingly dilute 
solution of hydriodic acid, of which 25G cub. centims. contained one gramme ot iodine, 

14*0^ 

gave for the value of E, E=:-p™=l'14. 

The following Table contains the record of a scries of experiments made, precisely as 
were the experiments just described, with solutions of hydriodic acid, varying in their 
degree of concentration, which ranged from a solution containing one gramme of iodiiit) 
in one cub. centim. to a solution containing one gramme of iodine in 266 cub. cemtims. 
I'm* reasons which will presently appear, I have recorded in this Table all tlu', <.‘xperi« 
ments, without exception, which I have made upon this subjtxjt in the same way. 

In column I. is given the degree of concentration of the hydriodic acid eiujiloyed. In 
column II. is given the “ titre” of a pipette of the gas with neutral iodide of potassium, 
T, as represented by the cub. centim. ofhyposulphiteof soda neccjssary for tlio titration. 
In column III. is given the “titre” of a pipette of the same gas wil.li liydriodic acid, 
S, similarly represented. In column IV*. is given the ratio of the oxidation dlecti'd in 

the hydriodic acid to the oxidation effected in neutral iodide of potas.sium, 





I. 


Ji. 

111. 





.i ■ 

■' . 

t.! 

• 

!r. 

N. 

1. 

1 

griKiiiiio (if fodiiK.' 

ill 1 cub. 

centim. 

If) 

3(; 

3, 



99 


19 

3(i 

3. 

1 

gramme of loih'jic; 

i:i 2 cub. 

(•(•iitin’'« ' 

19 

37*7 

4. 


15 

:) 



19 

37*2 

5. 



13 


14-7 

3:m 

a* 



9> 

1 

14*7 

32*.'{ 

7- 


S> 

51 


12*5 

29*7 

8. 



5? 


12*5 

29-7 

9. 

1 

gramme of loiliiic 

i:i 3 cu!). 

cciaiins 

23 

42*2 

10. 



91 


y-vF 

4{i*7 

11. 


99 

93 


23 

48*7 

12. 



99 


2.'{ 

47'2 

13. 


99 

31 


15 

27*6 

1 4)1 


39 

19 


J5 

28*2 

15. 

1 

gramme of Iodine 

in 4 cub. 

centims. 

19 

3,5*() 

16. 


39 

99 


15*5 

33*3 

17. 


99 

99 


12*5 

24-G 

18. 


39 

39 


12*5 

25*1 

1 9* 


99 

19 


14*7 

32*3 

20. 

1 

gramme of Iodine 

In 6 cvib. 

. ccnlirns 

23 

4G-1 

SI. 


39 

99 


23 

44*1 

OO' 


9) 



20 

3.5*5 

23. 


» 

91 


18*7 

40 

24. 


99 

99 


18*7 

38*5 

25. 

26. 


39 

)9 

4k 


15 

1.5 

27*2 

29'.5 


IV. 

n ^ 


l‘HU 

l*8t) 

hi)H 

.l*D(l 

0*0 A 

2*20 

2*37 

2*37 

1*83 

2*03 

2*11 

2*05 

VH4 

1*88 

l‘H7 

2*15 

1*90 

2*00 

2 * S 0 

2'00 

1- 91 
1*77 

2*13 

2- 05 
1*81 
1*7() 
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4G3 


I. 

ir. 

T. 

nr. 

S* 

IV. 

R=*^. 

T 

27 . 1 gramme of Iodine in 8 cub. centims 

15*5 

31*4 

2*02 

}) 

15*5 

30-9 

2*00 

» >s 

12-5 

25’4 

2*03 

30. 1 gramme of Iodine in 12 cub. centims 

23 

42 

1*82 

» ; 

23 

42‘4 

1*84 

32. 1 gramme of Iodine in 16 cub. centims 

15 

28*3 

1*88 

33. ^5 99 

16 

28*5 

1*88 

34. 1 gramme of Iodine in 24 cub. contims 

23 

37-7 

1*64 

35* it 

23 

38-8 

1*69 

36. 1 gramme of Iodine in 48 cub. centims 

20 

32*1 

1*61 

37* it •*.*♦**.. 

20 

31*3 

1*57 

38. 1 gramme of Iodine in 64 cub. centims 

12*5 

18-9 

1*51 

39 . 1 gramme of Iodine in 96 cub. centims 

20 

28*1 

1*40 

40# jj ), 

20 

28*8 

1*44 

41, 1 gramme of Iodine in 128 cub. centims 

12*5 

17-2 

1*40 

42. 1 gramme of Iodine in 192 cub. centims 

20 

22*4 

1*19 

43. 1 gramme of Iodine in 256 cub. centims 

12'5 

14‘2 

1*14 


It is evident on inspection of the Tabic that there is an appreciable diniirmtien in tlus 
value of It in these experiments made witli solutions of Iiydriodic acid containing’ less 
than one gramme of iodine in 16 cub, contims., and that in the last two cxperinionts 
given, experiments 42 and 43, made with excessively dilute solutions, the oxidation in 
the solution of hydriodic acid closely apx>roximates to the oxidation eifected by tlic same 
gas in a solution of neutral iodide of potassium. This value, however, diminishes very 
gradually — the mean value of K in experiments 34 to 41 being 1‘63, and the extreme 
values of 11 in experiments made the one with a solution of hydriodic acid containing 
1 gramme of iodine in 24 cub. centims. and the other 1 gramme of iodine in 128 cub. 
centims, respectively being 1*66 and 1'40, the diiference of which, 0*20, lies almost 
within the errors of experiment. In experiments 1 to .‘>3 no j-egnlar variation is seen in 
the value of K, the mean value of this ratio for the first niiiot('.cn expeviiiKints giv(ai in 
the Table being 2*04, and the mean value of the same ratio for tlio following tburteeu 
experiments being 1*92, the mean of tlio thirty-three experiments taken together 
being 1’99. 

There arc numerous causes of uncertainty in these experiments, several of which have 
already been point(.'d out; but it is impossible for us to apply any conjectural correction 
to the experiments, or, to say how these causes have affected any particular experiment. 
With t;h(^ view' of determiniiig tlie probable en'o]* of the result, I have applied to the 
system of cxpoiiraeiits tlie method of least squares. Some of tJi(?.sc experiments exhibit 
very considerable divergences from tlic mean result, bat I havcj not ventimxl to reject 
uiiv. A singular example of this divergence is exhibited in experiments 7 and 8, both 
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of which give 2*37 as the value of E. It might be thought at first sight that these expe- 
riments should be rejected, as affected by some special source of error ; but, on the other 
hand, there is one value of E in the Table which exhibits a nearly equal divergence from 
the mean in the other direction, namely 1*7, experiment 26 : also if we reject on these 
grounds the number 2' 37, no adequate reason can be given for retaining such a number as 
2*24; and I find, on turning to my note-book, that experiments 7, 17, 18, 8 were made 
successively on the same day, by the same method, under the same conditions, and by the 
same observer in the order of the preceding numbers, the value of E in the several 
experiments being (7) 2*87, (17) 1*96, (18) 2*00, (8) 2*37 ; and I cannot but attribute the 
divergence of these numbers from the mean to an accidental accumulation of errors in 
one dii*ection. 

In column I. of the following Table is given the value of E in each of the thirty-three 
experiments referred to ; column II. contains the differences of these values from the 
mean value of E, and column III. the squares of the differences. 

Experiments with Hydriodic Acid. 


I. 

n. 

DifiFerence from 
the mean. 

ni. 

Squares of the 
differences. 

1-89 

-•1 

•01 

1*89 

—1 

•01 

1*98 

-•01 

•0001 

1*96 

-•03 

•0009 

S-S4 

+•25 

*0625 

^•20 

+•21 

•0441 

2-37 

+•38 

•1444 

2*37 

+•38 

-1444 

1*83 

—16 

•0256 

2-03 

+•04 

•0016 

2-11 

+•12 

•0144 

2*05 

+•06 

•0036 

1*84 

-•15 

•0225 

1*88 

-•11 

•0121 

1-87 

-•12 

*0144 

2*15 

+•16 

•0266 

1-96 

-•03 

•0009 

2*00 

+•01 

•0001 

2*20 

+•21 

•0441 

2-00 

+•01 

•0001 

1*91 

~*08 

•0064 

1‘77 

—*22 

•0484 

2*13 

+•14 

•0256 

2*05 

+•06 

•0036 

1*81 

-•IS 

•0324 

1-70 

-•29 

•0841 

2*02 

+•03 

•0009 

2*00 

+•01 

•0001 

2*03 

! +*04 

•0016 

1*82 

■ --17 

•0289 

1’84 

-•15 

•0225 

1'88 

—11 

*0121 

1*88 

-•11 

•0121 

Mean =1*99 cub. ceutim. 


Sum=*8601 
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The numher of these experiments is tliirty-thr('e. 

Hence the probable error of the result =0’()7<t5 

=:0’02 cub. ceiitim . ; 

and also 

the probable error of a single cxperinient =\/ooXthc probable e3:ror ot the result 

=v^nnxo*()2 

=()T1 cub. centini. 

It appears, therefore, from tliese cxp(u-iinents that it is an capial ehanct^ thn,t tlu; triu^ 
value sought of the ratio 11 lies between the valiums 2*01 and 1*07. l'h(? valuer of tins 

ratio indicated by chemical theory is 2 ; the pr(‘e(Klitig exp(U’iin{uits, tlK'refon', entirely 
agree with this theory. We may also infer, from the calculated valiuj ()*l..l of tbt^ <‘i’ror 
of a single experiment, that if wo should proc(X'd to muk(^ anotluu* (.‘xperinu'iit by the 
same method it is an erpial (hance that tlie value of H in that (‘xpcu’inient will lic' betwes'u 
the values 1*88 and 2*10; and half the valnos of It found by tlu* ]u’ece(ling obseia utic'us 
should lie between the same limits. As a mathu* of fact, out of tliese lie ex})eriuieii(.fi 
17 experiments arc within tlussci limits, and 1(5 experinmuts an^ outside these; liuiils. 
The expiriments, therefore, are in perlhct accordance with tin; <;ii.1culit.t<‘d vubu* of t.lu< 
probahlo error of a single result. 

Tluise exp(rim(mts are fully continned by ernfain experiments of M miksnku.^ prevhuisly 
referred to, which r<‘aUy throw grcfat light upon tho subject, although this {homist 1ms the 
art of singularly misinterpreting his results. Tho ohjoed of th<‘ (^xperlnu'uts wns In ellect 
a comparison between tho weight of a volume of oxygcui eipial to the coutraidiuii of the 
electrized gas and the increment of weight of a solution of ioditlt.; of juitassium, acidulated 
with sulphuric acid, when the same electrized gas was passiul tlu'ougU the solution. Tlu‘ 
contraction was (as I understand the oxperimeut) estiiual.c(l hj' (‘omiuu'Ing the volume of 
the oxygen before and after its passage through tho iiiducl.ion-l.iilx-, wliich was an indue-* 
tion-tuhe of tho form diwised by Yon Babo ; tho weight comjsponfling to this coutracticni 
was thou oaleulaled, and tho increment of weight of the acid .solul.ion t)f iodi/h; of 
sium wasdidormincd by weighing the :i])parutiis in which it wiis couhiinctl hcfon'mid idb'i* 
tlie experiment. I sludl not xn’utcnd to criticise th(;so <;\penuients, the uncertainty of 
which is fully julmitted by tlu; author. Among other sources of error, howeier. (he (.ohd 
increment of weight of tlu^acid solution »)f iodidt; of ])o(;issium is comprised in llu; several 
experiments between a maximum of 0*010 grunum* a.iid. a minimniu of O'lKiri giamme, 
quantities which it is evidently very difiicult to (‘sliimi.(.(' wi(h |)recisi.ou iu (his way. I 
would rather direct tlie attention of the reader to (ilic nu'an result oflhesi' twtdvi; t'Xpe> 
rimonts, wliieh gi.v(;s 2*02 as the ratio of the mcrmiumt of weight (/f the acid solul ioii of 
iodide of potassium to tluMvi'ight of a. volume of (^xygmi equal (,o IIk; coid.ractiou ofiJu' 
electrized gas. I'rfiiu those observations, laUmi iu conm'.xiou with the 'I'abh^ of expm-i- 
monts before given, w'c may consider it as cimchisively iirovcd, not only that the. oxidation 
* None Viitcrsuclitiugcn iibor ilon elc'kkifciiiieu (^tiucvaUiir, (sC'.J; p. W.'i, 'I’lilji'Uc lu 
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effected by the passage of aa electrized gas through a solution of hydriodic acid amounts 
to twice the oxidation effected by the passage of the same gas through a solution of 
neutral iodide of potassium, but also that that oxidation is attended by an actual 
absorption of oxygen, the weight of which is equal to twice the weight of oxygen simi- 
larly absorbed by the neutral iodide. 

The prenous observations were made at the temperature of the laboratory, which was 
about 18° C. to 19° C. It was important to ascertain whether by varying the tempe- 
rature the oxidation effected by the ozone could be carried beyond the limit thus reached. 
The following experiments were instituted with the view of determining this point ; the 
gas was measured in a small pipette, the capacity of which was 94 cub. centims. 

The influence of variation of temperature upon the oxidation of hydriodic acid effected 
by pure oxygen was first determined. In three concordant experiments made at the 
temperature of the laboratory, in which 92 cub. centims. of oxygen were passed through 
15 cub, centims. of a concentrated solution of hydriodic acid, of which solution 2 cub. 
centims. contained 1 gramme of iodine, an oxidation was effected equivalent to 1*7 cub. 
centim. of the standard solution of hyposulphite. This oxidation is very nearly in the 
same proportion, in relation to the volume of oxygen passed through the solution, as that 
arrived at in the previous experiments, and would amount on 250 cub. centims. of oxygen 
to an oxidation repve.sc'utcd by 4*6 cnb. centims. of the hyposulphite, the number given 
ill the Table tor a solution of hydriodic acid of this strength' being 4T. The oxidation 
as similarly determined for the temperature of 63° C. to 55° C. (the mean being taken 
of four experiments) was equivalent to 4*6 cub. centims. of hyjDosulphite, and at 80° C., 
in two experiments, of which the results were nearly identical, to 6*85 cub. centims. 

At a teniperiiiure, liowevor, of 0° C., the. bulb being immersed in wmter containing ice, 
the cxidcition in four experiments was equivalent to 1‘8, 1'9, 1*7, and 2*1 cub. centims. 
of hyposulphite, the moan of the four experiments being 1*9 cub, centim., a number 
slightly higlier than that representing the oxidation at 1S° C. to 19° G., namely 1*7 
cub. centim. T\ e may conclude. Ihorcforc. that tlie oxidation effected by the action of 
pure oxygen on a solution of Indviodic acid of the above strength is not mate.rially 
af^ectc(l by lowering the temperature /rom 1 8° C. to zero, 

llie two following experiments were made with a small pipette of the electrized gas 
at 55' C. In estimating the oxidation duo to the infinence of tlic ozone, a correction 
was made.! lor tlic oxidation effected by the oxygen as.sociatcd with it by deducting 4*6 
from the number repj*esentiug the total oxidation. 


Experiments at 55° C. 


■r. 

IL 

III. 

IV. 

Degree of conceutration of the solution 
of hydriodic acid employed. 

T. 

S. 

II 

2 grammes of Iodine in 2 cub. centhusj 

31-1 

59-8 

1*90 

1 

31*4 

60*4 

1*93 
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The value of the ratio R is essentially the same as that previously arrived at. We 
may conclude, therefore, that while the oxidation effected by pm’e oxygen is raised from 
1*7 at 18° C. to 4*6 at 55° C. (that is, nearly in the proportion of 1 to 3), the oxidation 
effected by the ozone is not appreciably altered by the same variation of conditions. 

At the temperature of 0° C., however, exactly the reverse occurs ; for while, as has 
been shown, the oxidation effected by pure oxygen at 0° does not sensibly differ from the 
similar oxidation at 18° C., the oxidation effected by the ozone is materially increased, 
as appears from the following experiments. The correction for the effect of the asso- 
ciated oxygen is here made by deductuig 1*9 cub. centim. from the total oxidation. 


Experiments with Hydriodic Acid at 0° C. 


T) 

I. 

'.'v.lrivi.:!,: 0 

I’lO "'.lution of 

II. 

T. 

III. 

s. 

IV. 

*o S 

^ T* 

2 grammes of Iodine in 

3 cub. centims. ... 

,31-4 

78*2 

2*49 


99 

99 

31*4 

77*7 

2-47 

99 

99 

99 •** 

27*1 i 

63-2 

2-33 

99 

99 

99 ••• 

14*9 

34-6 

2*32 

99 

99 

99 ••• 

8-78 

22-1 

2*52 






Mean ... 2*43 


When the electrized gas is passed through a solution of hyposulphite of soda, a certain 
oxidation of the hyposulphite is effected, and the gas undergoes a diminution in volume. 
These effects differ in neutral and alkaline solutions of the hyposulphite, and in the latter 
case vary with the amount of the alkali (carbonate of soda) contained in the solution. Of 
the action on neutral and slightly allialine solutions I shall speak hereafter. The experi- 
ments of which the results are given in the following Table were made with a solution 
of hypovsulphite of soda rendered strongly alkaline with carbonate of soda. The gas 
before the experiment was measured in the gas-pipette, and thence drawn through a 
bulb containing in most cases about 30 cub. centims. of the alkaline hyposulphite of 
soda into the aspirator, where the gas was again measured, the experiments being con- 
ducted precisely as described in Section II., p. 446. 

In column I. of the following Table the relative strengths of the solutions of hypo- 
sulphite of soda are given in terms of the cub. centims. of oxygen at 0° C. and 700 
millims., equivalent to the iodine employed for the titration of 1 cub. centim. of the 
solution, that is, in terms of the volume of oxygen r(?ipiii*(?d to offcct the oxidation to 
tetrathionate of the amount of hyposulphite contakied in 1 cub. com ini. of the solution. 
In column II. is given the ‘‘ titre ” of the gas, T ; in column III. the volume before the 
experiment, V ; in column IV. the volume nfter the cxpei’iment, V^ ; in column V. is 
given the contraction, V—Vj ; in column AT. is given the ratio of the contraction to the 

“ titre ” of the gas, — The temperature at which the experiment v/as made is also 

given. 

MDCCCLSXII, 
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Experiments with strongly alkaline Hyposulphite of Soda. 


Terapevature of 
experiment. 

I. 

Strength of tlie 
solution. 

II. 

T. 

ni. 

V. 

IV. 

Ya. 

V. 

V-Vi. 

VI. 

V~V, 

T 

0®C. 

gi’in. 

3-47 

87*16 

83*85 

3*.31 

0*95 

0° 

•S9 

10-98 

273*00 

264*84 

8*16 

0*74 

0° 


10*98 

272*84 

262-34 

10*50 

0*96 

0“ 


10*98 

272*09 

262*89 

9*20 

0*84 

0 ° 

•94 

12-95 

273*73 

262*39 

11*34 

0*87 

0° 


12*95 

273*42 

261*74 

11*68 

0*90 

0° 

2-45 

7*53 

273*76 

264*69 

9-07 

1*20 

15" 


13*48 

274*85 

258*36 

16*50 

1*22 

15" 


13*48 

274*67 

257-95 

16*62 

1*23 

15" 


9-18 

273*99 

265*11 

8*88 

0*96 

0" 


7*53 

270*94 

262*43 

8*51 

1*13 

0" 


7*53 

273*86 

265*32 

8*54 

1*13 

0" 


9*79 

275*71 

266*12 

9-59 ! 

0*98 ' 

0" 

1 

9-79 

275*25 

265*36 

9*89 

1*01 

0" 

1 

9*79 

274*94 

265*60 

9*34 

0*95 

: 0" 


9*23 

277*74 

268*43 

9*31 

1*01 

, 0" 


9’23 

277’35 

265*22 

12*03 

1*33 

! 14" 

* 

10*53 

276*30 

265*56 

10*74 

1*02 

; 14" 


8*37 

270*48 

261*17 

9*31 

1*11 

i 16" 


5*82 

271*71 

264*97 

6*74 

1*16 

! 17" 


9*44 

275*93 

264*97 

10*96 

1*16 

i is" 

j 


5*47 

271*31 

267*15 

4-16 

0*76 

t 




1 


Mean.,, 1*03 


The conditions under which the experiments here given were made were greatly 
varied. They differ widely in the “ titre ” of the gas employed in the experiment, in 
the temperature at which the experiment was made, in the strength of the solution of 
hyposulphite through which the gas was passed, and in the amount of carbonate of soda 
present in that solution; hut it is impossible to infer from these experiments that the 
V— V 

ratio — varies in any definite and regular manner with any one of these circum- 
stances ; and I have in this case also calculated, by the method of least s(juares, the pro- 
bable error of the result. 

In column I. of the following Table the values are given of the ratio In 

column II. the differences are given of the several values from the mean value of that 
ratio» In column III. the squares of these differences are given. 
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Experiments with strongly alkaline Hyposulphite of Soda. 


I. 

V-Vi 

n. 

Differences from 
the mean. 

III. 

Squares of the 
differences. 

0-95 

—•08 

•0064 

0*74 

—•29 

•0841 

0-96 

—•07 

•0049 

0-84 

-•19 

•0361 

0-87 

-•16 

•0256 

0-90 

—•13 

•0169 

1-20 

+•17 

•0289 

1*22 

+•19 

•0361 

1*23 

+•2 

•04 

0*96 

—07 

•0049 

M 3 

+•1 

•01 

M 3 

+'i 

•01 

0-98 

—•05 

•0025 

1*01 

—•02 

•0004 

0*95 

—•08 

•0064 

1-01 

— 02 

•0004 

1-33 

+•3 

•09 

1*02 

—•01 

-0001 

Ml 

+•08 

•0064 

1-16 

+•13 

•0169 

M 6 

+•13 

•0169 

0-76 

—•27 

•0729 

Mean = 1*03 cub . centim . 


Sura =- 5 l 68 


The number of these experiments is twenty-two. 

The probable error of the result =0*6745 

=0*022 cub. centim. ; 

and also 

the probable error of a single experiment =\/22xthe probable error of the result 

=V'^X0*22 
= 0*1 cub. centim. 

We may conclude, therefore, from these experiments that it is an equal chance that 

the true -value of the ratio lies between the value 1*01 and 1*05 ; also, if we should 

proceed to make another experiment by the same method, it is an equal chance th,at the 
value of the same ratio in that experiment would lie between the limits 1*13 and 0*93 ; 
and half the values of this ratio in the preceding twenty-two experiments should lie 

between the same limits. There actually are 11 values of ■ in the preceding Table 

within these limits, and 11 of these values outside those limits. In this point, there- 
fore, the experiments are in entire accordance with theory. 

The theoretical value of the ratio lies just outside the limits of probable 

3s 2 
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error ; but there is no doubt that the mean value of in these experiments is 

somewhat too high. I may especially notice two sources of error as constantly affecting 
these experiments in this direction for which I have not been able to apply a correction. 
When pure oxygen is passed through a solution of hyposulphite of soda, either alkaline 
or neutral, a minute but nevertheless real amount of oxidation occurs : this oxidation is 
far too minute to be estimated by measurement in the aspirator ; but I endeavoured to 
gain some notiou of its magnitude in the following way. A small pipette of oxygen, being 
87 cub. centims. at 0°C. and 760 millims.,was passed at a temperature of 14° C. in two 
experiments through an alkaline and a neutral solution of hyposulphite of soda respec- 
tively ; the hyposulphite of soda was ‘‘titred” with a standard iodine solution before and 
after the experiment. In the case of the alkaline solution, the difference between the 
two titrations amounted to 0*7, and in the case of the neutral solution to 0*8 division 
of the burette ; this would correspond in the previous experiments, in which about three 
times the amount of oxygen was passed through the solution, to an oxidation represented 
in the two experiments respectively by 2*1 and 2*4 divisions of the burette, representing 
an absorption of about 0*1 cub. centim. of oxygen by the alkaline solution of hyposulphite. 
The error from this source, although very small, affects every experiment in the same 
direction, and would appreciably affect the mean result — the value of the mean result, on 
the hypothesis that the contraction V— Yj is in every case 0*1 cub. centim. in excess, 
being, as I have ascertained by calculation, 1*02. I have not, however, applied this 
coiTection, as there is no positive evidence that the oxygen, as thus calculated from the 
difference of the two titrations, represents the oxygen actually employed in the oxidation 
of the hyposulphite. The point also is immaterial. Another source of error is found 
in the gas simply dissolved by the solution of hyposulphite, which would not be estimated 
by this method of titration. Some idea of the magnitude of the error from this source 
may be derived from the experiments given in Section II. (page 446) with neutral iodide 
of potassium, wlierc the vohunes befforo and after the experiment (much the same quan- 
tity of gas being employed as in the present experiments), which theoretically should 
be identical, show a difference in their mean value of 0*2 cub. centim., for which dif- 
ference we have an adequate cause in the absorption of 0*2 cub. centim. of oxygen by 
the neutral solution of iodide of potassium. Here, again, I have hesitated to apply a 
correction, which would be to a certain extent of an arbitrary cliaracter ; but this is un- 
doubtedly a real and constant cause of error operating in the same direction as the pre- 
ceding; and if from these data we assume the contraction V— Yj to be in all cases in 
excess by 0*3 cub. centim., the mean value of B, would, after applying this correction, be 
as nearly as possible 1*00. The probable error of the result would not be appreciably 
affected. 

In the experiments of which the result is given in the following Table the electrized 
gas was passed through a solution of polysulphide of barium, made by boiling a solution 
of the neutral sulphide with an excess of sulphur out of contact of air. The passage of 
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the gas is attended with a deposition of large quantities of sulphur. The experiment was 
conducted in all respects as the experiments with, hyposulphite of soda last described, 
but the temperature was kept at 0° C. I have no record of the amount of polysulphide 
of barium contained in the solution ; but the proportion of the polysulphide of barium in 
the several experiments was greatly varied, the relative amounts of the polysulphide 
contained in the bulb being, assuming the amount in experiment 1 as the unit of com- 
parison, in experiments 2 and 3 twice that amount, in experiment 4 three times that 
amount, and in experiments 5 and 6 six times that amount. 


Experiments with Polysulphide of Barium. 


Experiment. 

I. 

T, 

11 . 

Y. 

III. 

IV. 

y-Y,. 

Y. 

Y-Y, 

T • 

1. 

12*60 

267*97 

254*73 

13*24 

1*05 

2. 

12*60 

267-34 

254*33 

13*01 

1*03 

3. 

11*94 

268*68 

255*79 

12*89 

1*08 

4. 

12*60 

267*7 

255*53 

12*17 

0*96 


12*60 

268*15 

254*33 

13*82 

1*09 

6. 

11*94 

268*41 

256*36 

12*05 

1*01 






Mean ... 1*04 


The following experiments were conducted in a manner precisely similar to the pre- 
ceding, but with a solution of polysulphide of sodium. The experiments were made 
at 0° C. In this case also the degree of concentration of the solution was very greatly 
varied, the amount of polysulphide of sodium employed being in experiment 11 six times 
that in experiments 2, 3, and 4, in experiments 8, 9, and 10 three times that in the same 
experiments, in experiments 5, 6, and 7 twice that in the same, and in experiment 1 
two thirds that in the same. In experiment 1 a slight trace of ozone escaped the action 
of the polysulphide. With a solution half the strength of that in experiments 2, 3, 4 
the ozone came distinctly through the solution when about half the gas had passed over. 


Experiments with Polysulphide of Sodium. 


Experiment. 

1. 

T. 

11 . 

V. 

1 

! 

i 

1 

i 

1 

! 

Y. 

Y-Y, 

0? ■ 

1. 

11*41 

270*16 

256*86 

13*3 

I*l6 

2. 

15*16 

27S-84 

257*04 

15*80 

1*04 

3. 

11*04 

270*65 

257*96 

12*69 

1*15 

4. 

13*24 

272*37 

257*15 

15*22 

1*13 

5. 

11*41 

269*92 

257*82 

12*10 

1*06 

6; 

10*2 

271*04 

258*4 

12*64 

1*24 

7. 

10*2 

270*76 

259*03 

11*73 

1*15 

8. 

13*24 

273*57 

258*74 

14*83 

1*12 

9. 

10*2 

271*04 

259*62 

11*42 

1*12 

10. 

11*04 

270*65 

258*68 

11*97 

1*08 

11. 

15*15 

272*66 

255*43 

17*23 

1*14 






Mean ... 1*13 
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The mean of these experiments is distinctly higher than the mean 1*04 of the previous 
experiments with polysulphide of barium ; and while they point to the same general 
result, they also indicate the operation of a constant cause, causing a deviation in excess 
of the theoretical number 1. 

The action of ozone upon the hydrosulphide of sodium (Na H S) appears to be of a 
different order. The following experiments were made with that substance at the tem- 
perature of the laboratory, which was about 20° C. The concentration of the solution 
in the five experiments severally commencing with experiment 1 was proportional to the 
numbers 1, 2, 4, 8, 16. The solution in experiment 5 was extremely concentrated. 


Experiments with Hydrosulphide of Sodium. 


Experiment. 

I. . 

T. 

n. 

v. 

IIL:!. , 

Y 

Vv 

IV. 

v-v,. 

V. 

V-T,. 

T. 

1. 

12-81 

273-10 

254-62 

18-47 

1*44 

2. 

12*81 

273-37 

253-19 

20-18 

1*57 

3. 

12*81 

273*74 

254-12 

19*62 

1-53 

4. 

12*81 

274-29 

252-71 

21-58 

1-68 

5. . 

13*21 

273-28 

250-45 

21-83 

1-65 


i 




Mean... 1-57 


These experiments, made with solutions of such very different degrees of concentration, 
arc nearly uniform in their result; at the same time they indicate a slight progression 
as the solution becomes more concentrated. An experiment made with a much 

weaker solution gave 1*21 for the value of while with a solution half the strength 

of this last the ozone came through. Considering these experiments in connexion with 
those made vrith hydriodic acid at the temperature of 0° C. (Sectiou III. p. 459), I am 
inclined to believe that the ratio 1*5 indicates a definite pause in the oxidation. I 
have not pursued this part of the subject further; but I may mention that, in the case of 
two similar experiments made with the neutral sulphide of barium, 1*47 and 1*45 were 

obtained as the values of ^ ; and iu the case of one experiment with sulphide of 

potassium 1*62 was obtained for that value. 

It would be very desirable to determine not only the contraction which the electrized 
gas undergoes in its passage through these various solutions, but also the oxidation 
actually effected in them. In the case of hyposulphite of soda I have made various 
attempts, and in different ways, to determine this point ; but for some reason, which I 
do not quite understand, without satisfactory results, the different experiments not being 
so concordat as to be of much value ; thei-e can, however, be no reasonable doubt as 
to the amount of the oxidation effected—- namely, that while the contraction is equal in 
amount to the “ titre ” of the gas, the oxidation is equal to twice that titre for 
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tlie ozone after its passage through, the solution of the alkaline hyposulphite is found to 
have lost its special oxidizing properties, and to have no effect whatever upon a solution 
of neutral iodide of potassium. Hence, to arrive at the amount of oxygen actually 
retained by the solution, we have to add the “ titre ” of the gas which is absorbed 
without change of volume to the contraction ; moreover, in one case, namely that of 
hydriodic acid, this oxidation has been actually determined and found by experiment to 
be equal in amount to twice the “titre” of the gas with neutral iodide of potassium. 
In the case of the polysulphide of barium, again, the contraction is exactly equal in 
amount to the “ titre ” of the gas ; and we may conclude from these experiments with 
certainty that, besides that class of oxidations of which examples were given in the last 
section, and which are attended with no change of volume in the gas, ozone is capable 
of acting upon various chemical substances in a totally different, but still perfectly defi- 
nite way, and of effecting an oxidation equal to twice the amount effected in those cases 
where no change of volume occurs, and which oxidation is attended by a diminution in 
the volume of the gas equal to half the volume of the oxygen employed in effecting the 
oxidation. 

Besides this there is in all probability another definite form of oxidation effected by 
ozone, which is represented by the oxidation of hydriodic acid at 0° C., and by the oxi- 
dation of hydrosulphide of sodium, and possibly also by the neutral sulphide of potas- 
sium and neutral sulphide of barium, in which the oxidation effected is equal to twice and 
a half the “titre” of the gas, and the contraction is equal to once and a half that “ titre.’* 
In the next section I shall bring before the reader yet another definite class of reactions 
of ozone. 

Section IY. 


When the electrized gas is passed through a solution of neutral hyposulphite of soda, 
the gas undergoes a diminution of volume, as in the case of the alkaline hyposulphite, 
but different in amount. In the following Table I have collected the results of various 
experiments made by me at different times upon this subject. The experiments were 
conducted in the way previously described, and the conditions of the experiments were 
very greatly varied. Tire first four experiments in the Table were made 'witbont any special 
measuring-apparatus, the gas being simply collected in an ordinary graduated gas-jar and 
measured. In some cases the gas was passed very rapidly, and in others very slowdy, 
through the solution ; the strength of the solution of hyposulphite was also varied from 
an extreme degree of dilution, as iu the first four experiments, to a degree of concen- 
tration of ten times that amount ; the temperature also was varied from 0'^ C. in some 
experiments to 14° C. in others ; but none of these variations produced any appreciable 
effect whatever upon the contraction of the gas. 

The numbers in the second column represent the cubic centimetres of oxygen equi- 
valent to the iodine required for titration of 1 cubic centimetre of the solution. About 
30 cubic centimetres of the solution was the quantity usually employed. 
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Experiments witli neutral Hyposulphite of Soda. 


j 

Temperature, j 

Strengtli of the 
Bolution. 

T. 

V. 

Vx. 

Y-V,. 

v-v, 

T ‘ 

13^*5 C. 

•36 

3*95 

87*84 

79*66 

8*18 

2*07 

13°*5 


3*18 

87*56 

' 81*32 

7*24 

1*97 

123. 



87*47 


7*02 

2*00 

14^ 


4*19 

86-76 

78*23 

8*53 

2*03 


•47 

13-17 


256*58 

23*42 

1*78 


•62 




19*94 

1*94 

19^ 




249*38 


1*97 

0= 

1^23 


271*72 

248*16 

23*56 

2*18 

0= 

1*75 

12*06 

273*18 

248*53 

24*65 

2*04 

0" 

1*89 

12-14 

272*92 


25*86 

2*13 

0“ 


12*14 


246*34 

26*36 

%'11 

0^ 

2*45 

13*58 

269*36 

241*82 

27*64 

2*03 

0“ 


13*58 



28*33 

2*08 

0=* 



268*78 


24*98 

1*83 

O'* 


12*61 

268*15 


27*41 

2*17 

0" 

3*78 


273*07 

246*51 

26*56 

2*02 

0=* 


12*14 

273*82 

« 

249*17 

24*66 

2*03 

Mean ... 2*02 


In the following Table the data are given for the calculation of the probable error 


in the result of these experiments. 


Experiments with neutral Hyposulphite of Soda. 


Y-V, 

T * 

Differences from 
the mean. 

Squares of the 
difl’erenees. 

2-07 

+ *05 

•0025 

: 1*97 

—•05 

•0025 

2*00 

-•02 

•0004 

2*03 

+•01 

•0001 

1*78 

—•24 

•0576 

1*94 

—08 

•0064 

1*97 

—05 

•0025 

2«18 

+•16 

*0256 

2*04 

+•02 

•0004 

2*13 

+•11 

•0121 

2*17 

+•16 

*0225 

2*03 I 

+•01 

•0001 

2*08 

+•06 

•0036 

1*83 ! 

-*•19 i 

•0361 

O.T 7 

+*15 1 

•0225 

2*02 

•00 

•0000 

2*03 

+*01 ! 

•0001 

Mean = 2*02 cub. centiras. * 


Sura = *1950 


The number of these experiments is seventeen. 


The probable error of the result =0*6745 


/ 0*195 

V 17x16 


=0*017 cub. centim.; 
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the probable error of a single experiment = \/l7xthe probable error of the result 

= yi7x 0-017 
= 0*07 cub. centim. 

It appears, therefore, from these experiments that it is an equal chance that the true 

value of the ratio — lies between the limits 2*00 and 2*04. The theoretical value 

of this ratio, 2, is within these limits, and the experiments are in accordance with 
theory. At the same time it cannot be doubted that here also, from the causes pre- 
viously indicated in the case of the similar experiments made with alkaline hyposulphite 
(Section III.), the mean experimental value of this ratio, 2-02, is somewhat too high ; 
also, from the calculated value of the probable error of a single experiment, 0*07, half the 
V— V 

values of — given in the preceding Table might theoretically be exj)ected to be 

found within the limits 2*09 and 1*96. Of the seventeen experiments, nine are within 
these limits, and eight outside them. The experiments, therefore, in this point also 
agree with theory. 

The solution of hyposulphite of soda, originally neutral, is found, after the passage of 
the ozone, to have become strongly acid. Considering that the acid thus formed might 
exercise some important influence upon the reaction, I experimented with solutions of 
hyposulphite of soda rendered slightly alkaline with carbonate of soda. The influence 
of a great excess of carbonate of soda is, as has been shown, to reduce the oxidation, so 
that the contraction in the case of the strongly alkaline solution is only half the con- 
traction in the case of the, neutral solution. I therefore (with the view of adding only 
a slight excess of alkali) estimated by titration the amount of carbonate of soda required 
to render the solution neutral after the passage of the gas, and added to the solution 
employed in the experiment two or three times that amount. This amount of carbonate 
of soda was sufficient to keep the solution alkaline during the experiment, without, as 
will be seen, sensibly reducing the oxidation effected by the electrized gas. When about 
this quantity of carbonate is added the solution is spoken of as slightly alkaline. The 
following ten experiments ’were thus conducted. The Table below is of the same nature 
as the preceding. 


3 T 


¥T)CCCT.TT1I. 
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Experiments with slightly alkaline Hyposulphite of Soda. 


l 

Temperature. 

Strengtli of 
tlie solution. 

T, 

V. 

^1- 

V-V,. 

v-v, 

T ' 

0 ° C . 

•05 

1-60 

87*34 

83-96 

3-38 

2-09 

16 ° 

•50 

13-41 

373-31 

243-93 

28-38 

2-10 

0 ° 

•94 

13-95 

274-11 

250-49 

23-62 

1*82 

0 ° 


12-95 

273-89 

349-31 

34-58 

1*90 

16 ° 

•85 

13-81 

272*50 

243-69 

28-81 

1 2*13 

0 ° 

1-75 

9*79 

374-75 

254-44 

20-31 

2-07 

0 ° 


9*79 

274-66 

254-12 

20-54 

2-10 

14°‘5 


10-52 

274-93 

255-89 

20-03 

1*90 

15 ° 


13-81 

273-63 

245-18 

28-45 

2*06 

15 ° 


13-81 

272-88 

244-95 

37*93 

2-02 







Mean 2*02 


The following Table contains the differences of the yalne of — r^ - in the case of the 
several experiments ffom the mean value of that ratio and the squares of the differences. 


T-T, 

T * 

Differences from 
the mean. 

Squares of 
the differences. 

2-09 

+•07 

•0049 

2-10 

+ •08 

•0064 

1-82 

-•2 

•04 

1*90 

-•12 

•0144 

2-23 

+•11 

•0121 

2-07 

+•05 

•0025 

2-10 

+•08 

•0064 

1*90 

— 12 

•0144 

2-06 

+-04 

•0016 

2-02 

•0 

•0 

Mean = 2-02 


Sum =-l 027 


The number of these experiments is ten. 
The probable error of the result = 0*6745 


V' 


0*1027 

10x9 


and also 


= 0*023 cub. centim. ; 


the probable error of a single esperiment = v'lO X the prohahle error of the result 

= VT:0x0-028 
= 0*07 cub. centim. 

A^e may, therefore, from these experiments rcgai’d it as an equal chance that the true 
value of the ratio — is included between the limits 2*00 aiid 2*04. 

Prom the value of the probable error of a single experiment, 0*07, half the above 
o servations would theoretically be included witJiin the limits 1*95 and ‘^*00 ■ four of 
the ten observations are actually within these limits, and six extcjiial to them.’ 
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In none of the previous experiments have I rejected any experiment as untrustworthy ; 
but in the case of these experiments, made with the slightly alkaline solution of hypo- 
sulphite of soda, I haveirejected seven experiments which were made successively at the 
same period, and whichi from some cause, of which I am not aware, but possibly some 
slight derangement of the measuring-apparatus, gave a mean result considerably above 
the average of the preceding experiments. I do not believe that these seven experiments 
are to be relied on ; but as it is an important question whether any definite contraction 
greater than that found, in the preceding experiments can actually occur, and as the 
discrepancy between these seven experiments and the preceding may possibly be other- 
wise accounted for, it appears to be desirable to notice the circumstance, and I have 
given in the following Table the record of the observations. 


Temperature. 


16° C. 
16° ■ 
16° ; 
17° : 
17 ° ; 
18° 
17° 


strength of the 
solution. 




8*37 

5-82 

5*82 

13*44 

9*44 

5*42 

4*92 


270*29 

272*18 

271*89 

274*01 

275*84 

271*04 

273*13 


250-99 

259*66 

259-03 

245-89 

253*23 

259-00 

262-17 


V-V,. 


19*30 

12*52 

12-86 

28*12 

22*61 

12-04 

10*96 


v-v, 



It is to be observed, that not only is the mean value in these experiments, 2*22, con- 
siderably greater than the mean value in the preceding experiments, 2*02, but that every 
one of these experiments gives a result greater than that mean value. As no intentional 
difference was made in the mode of conducting the two sets of experiments, and as the 
previous set are in entire accordance with the experiments made with neutral hyposul- 
phite of soda, the obvious conclusion is that the discrepancy in the latter set arises from 
the operation of some constant and accidental cause of error peculiar to those experiments. 

I now repeated the experiment of Soret'^, and passed the electrized gas through a bulb 
■-.f -Ml the volume before and after the experiment in the usual 

manner ; the tension of the vapour of oil of turpentine was taken into account in the 
calculation of the volume of the gas in the aspirator after the experiment, care being 
taken to saturate the gas with it. Although I speak of this experiment as a repetition 
of the experiment of Soebt, it really differs from that experiment, not only in the 
method employed for measuring the gas, but also in the gas operated on, the gas used by 
Soebt being the ozone procured by electrolysis, and his experiments, moreover, being 
always made wivii a moir: g:i.-?. 

It was desirable to ascertain whether any change in volume was caused in pure oxygen 
by passing a pipette of that gas through a bulb of oil of turpentine. The results of three 
experiments made with this view were as follows : the several pipettes of oxygen were 
passed successively through the same oil of turpentine at a temperature of 9'’ C. 

*■ Aunalea do Chimio, 4° scric, rol. vii. p. 133. 

3 T 2 
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V. 

V,. 

V-V,. 

282*33 

282*09 

-f0*24 

282*00 

282*14 

-0*14 

282*13 

282*12 

+ 0*01 


The differences in the last column are hardly appreciable by the method employed^ 
and we may conclude that any error in the following experiments arising from the 
oxidation of oil of tmpentine by oxygen in its ordinary condition must be very small. 

In the first two experiments given in the following Table the gas was rendered moist 
before its passage through the oil of turpentine ; in the other experiments the gas was, as 
usual, dry. 

Experiments with Oil of Turpentine. 


Temperature. 

T. 

V. 


V-Vi- 

v-v, 

T ‘ 

11®C. 

14*29 

281*27 

251*24 

30*03 

2*09 

IP 

14*29 

281*16 

254*16 

27*00 

1*88 

O'* 

13*93 

280*85 

250*60 

30*25 

2*17 

0° 

13*93 

280*55 

252*57 

27*98 

2*01 

10° 

14*22 

280*14 

251*04 

29*10 

2*04 

10° 1 

14*22 

279*74 

253*39 

26*35 

1*85 

0° 

9*16 

282*45 

263*52 

18*93 

2*06 

0° 1 

9*16 

282*35 

262*95 

19*40 

2*11 

Mean 2*02 


In the following Table the differences from the mean and the squares of the differ- 
ences are calculated. 


V~V, 

T ' 

Differences from 
the mean. 

Squares of 
the differences. 

2*09 

+ 0*07 

•0049 

1*88 

-0*14 

*0196 

2*17 

+ 0*15 

*0226 

2*01 

-0*01 

•0001 

2*04 

+ 0*02 

*0004 

1*85 

—0*17 

*0289 

2*06 

+ 0*04 

•0016 

2*11 

+ 0*09 

*0081 

Mean =2*02 cub. ceutims. 


Sum =*086l 


The number of these expen'ments is eight. 
The probable error of the result =0*6745 



and also 


= 0*03 cub. centim. ; 


the probable error of a single experiment = v^8 X the probable error of the result 

=\/8x0*03 
=0*08 cub. centim. 
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These experiments are also in accordance with theory ; for it appears from them that 

V— V 

it is an equal chance that the true value of the ratio — is included within the limits 


1-99 and 2-06. 

Also, from the probable error of a single experiment, half the preceding observations 
would theoretically be included within the limits 1*94 and 2T0 ; four out of the eight 
experiments are within these limits, and four external to them. 

Sufficient evidence is afforded of the value of the oxidation which occurs in the case of 
the contractions considered in Section III. (where the contraction is equal to the “titre” 
of the gas) by the experimental determination of the oxidation effected in the case of 
hydriodic acid ; which oxidation is exactly represented by an amount of oxygen equal to 
that which disappears in the contraction in the case of the strongly alkaline hyposulphite 
of soda, together with the titre of the gas. With the view of determining this point in 
the class of contractions considered in the present Section, I have made various experi- 
ments with protochloride of tin, in the case of which substance the oxidation effected, as 
well as the change in the volume of the gas, may be determined with considerable accu- 
racy. These experiments, however, are attended with peculiar difficulties, not only from 
the facility with which the protochloride of tin is oxidized and the influence which very 
slight variations of circumstances (such as the strength of the tin solution and the rate 
of the passage of the gas) have upon the oxidation, affecting the result in various ways, 
but also from the circumstance that the oxidation effected by the action of the ozone 
and that effected by the oxygen associated with it are in all probability not independent 
of one another — owing to the occmTence of that remarkable induced oxidation which 
has been noticed and made the subject of investigation, in the case of the oxidation of 
the protochloride of tin by chromic and permanganic acids, by F. Kjejssler*, and also by 
Lenssen andLbWENTHALf, so that we cannot'apply a correction for the oxidation effected 
by the associated oxygen on the simple principle employed in the case of hydriodic acid. 
However, by operating with very dilute solutions the influence of these sources of error 
may be, if not entirely destroyed, at any rate very greatly reduced ; and the foUowing 
experiments afford conclusive evidence as to the actual oxidation effected in those cases 
also where the contraction is equal in amount to twice the “ titre” of the gas. 

It appears from the three following experiments, that when an electrized gas is 
passed through an acid solution of protochloride of tin, the total oxidation which takes 
place is equal in amount to that due to the “ titre” of the gas, together with the oxida- 
tion due to a volume of oxygen equal to the contraction which occurs in the experi- 
ment. 

The oxidation of the protochloride of tin was determined by running an amount of 
the tin solution equal to that employed in the experiment into a measured quantity of 
a standard iodine solution greater in amount than that required to effect the oxida- 
tion of the tin. The excess of iodine was estimated with a standard solution of hypo- 

* PoGG. Am. xeyi. 332, and cxix. 218. t 1. Pr. Chem. Ixxxvi. 193; JaJhxesbericIit, 1862, p. 38. 
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.sulplaite of soda; a simOar estimation was made with the solution after the experiment. 
From the difference between the amounts of hyposulphite respectively employed in thp 
two cases, the oxidation effected in the tin solution was calculated in cub, centims. of 

oxygen. 

The volume of the gas before the experiment was measured in a small gas-pipette ; 
the gas after the experiment was collected and measured in an ordinary graduated jar. 

In the following Table S is the oxidation effected in the protochloride of tin as expe- 
rimentallj'’ determined, T, 'V, have their previous signification. 



Also, if we deduct the titre” of the gas from the total oxidation, the difference 
gives the oxidation due to the gas which disappears in the contraction, and the ratio 
of this difference to the contraction gives the density of this gas as compared with the 
density of oxygen. Calling this density A, we have in the three experiments successively ; 

( 1 ) 

(3) A=pi=l'07. 

(3) A=|;i|=i-oo. 

Wc may conclude from these cxpcriinents that, by the oxidation of the solution of 
protochloride of tin, nothlr.g whatever is removed from the electrized gas, except the 
quantity of oxygen estininted in the ” titre” of the gas. together with a certain volume 
of gas of the density and properties of oxygen. 

In the two following experimeuis I attempted to discriminate between the oxidation 
effected hy the ozone nnd the oxidation due to the oxygen associated with it; this was 
dvOne by causing the gns, after being depnved of ozone by its passage through the bulb 
of protochloride of tin, to passthrough a second bvdh of the same solution, in which also 
the oxidation Avas afterwards estimated. The oxidation in the second bulb was taken as 
the measure of the oxidation due to lire oxygen associated with tlie ozone, and the 
difference between the oxidation effected in the tw'o bulbs respectively was assumed to 
he the true oxidation effected hy the ozone. In this mode of operating the two oxida- 
tions were effected under precisely similar circumstances as regards the temperature and 
rate of passage of the gas, and aro strictly comparable. 

Before the experiment the oxygen required to effect the complete oxidation of the 
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bulb of protocliloride of tin was estimated by running a bulb of the solution into a 
measured quantity of bypocblorite of soda, of which the oxidizing value had been pre- 
viously determined by effecting its decomposition by means of an acid solution of iodide 
of potassium, and estimating the iodine formed with a standard solution of hyposulphite 
of soda. A solution of iodide of potassium was added to the solution of hypochlorite 
of soda before the addition of the protochloride of tin. The bulb of protochloride of 
tin was then run into the solution, which was immediately acidified with hydrochloric 
acid, and the iodine estimated as before. A similar experiment was made after the 
completion of the experiment with each of the two bulbs of protochloxide of tin 
employed in it; the oxidation effected was calculated, as in the former method, from the 
difference between the two titrations. This method gives good and accurate results ; 
the contraction was not estimated. 

The experiments were made at 0° C. The strength of the protochloride of tin is given 
in the first column: Q is the oxidation in the second bulb, S— Q is the oxidation esti- 

g Q 

mated as due to the ozone, and the ratio given in the last column is the ratio of this 

oxidation to the “ titre” of the gas. 


strength of 
the solution. 

T. 

S. 

Q. 

S-Q. 

S-Q 

"IT* 

3-78 

8*98 

30*95 

1*08 

29*67 

3*3 

7*07 

8*98 

37*36 

7*06 

30*3 

3*37 


It will be observed* that in the second of the two experiments the strength of the tin 
solution employed was nearly double the strength of the solution employed in the 
former of the two experiments ; and the oxidation effected by the passage of the associated 
oxygen was so greatly increased that the oxidation in the second bulb, in the latter 
experiment, amounted to nearly as much as six times the oxidation effected in the same 
bulb in the former experiment : nevertheless, when the correction has been applied for 
this oxidation, the number representing the oxidation due to the.ozone is almost the same 
as in the former experiment ; and this oxidation, thus calculated, closely approximates 
to three times the “titre” of the gas. The coincidence of this result in the two expe- 
riments affords a guarantee of the accuracy of the j)rir.rip]o? on which the process depends. 

The two following experiments were made withnn. extrenudy djlnic' Kdnrhcii otproio- 
chloride of tin, on which, under the circumstances oi' ihc < pnre o'cygcin has 

but very little action. In the second of the two evpj'ri'.'icnis rlie seiiirioii wu', dihin^ 
that no inconsiderable portion of the ozone passed unaltered through the solution. To 
estimate the amount of ozone actually effective for the oxidation of the tin, the gas after 
its passage tlu'oiigh the bulb of protocliloride of tin was jiassed through a second bulb 
’of neutral iodide of potassium, in which the ozone which escaped from tlic deoxidizing 
iiiffuence of the tin salt was arrested and estimated. 

In these experiments the contraction as well as the oxidation was estimated ’with the 
following results; — 
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Strength of 
the solution. 

T. 

V. 

s. 

Tr 


T-T^. 

V-Vi. 

V-V, 

T-iy 

S 

T-av 

•96 

•7 

8-15 

8*16 

269*55 

268*92 

25*41 

19*83 

0 

1*68 

251*69 

263*85 

8*15 

6*47 

17*86 

15*07 

2*19 

2*33 

3*12 

3*07 


We thus, through two perfectly independent methods of experiment, arrive at the 
same conclusion—namely, that when a current of electrized oxygen is passed through a 
solution of protochloride of tin, the amount of oxidation effected in that solution by the 
ozone present in the gas is equal to three times that effected by the “ titre” of that gas, 
and also that the gas undergoes a diminution , in volume equal to the space occupied 
under normal conditions by a quantity of oxygen equal to twice that “ titre.” 

If the experimental results were perfectly concordant with theory, we should have 


S 


T 



l-f 


V-Vi 

T-T/ 


We have also for the value of A, the density of the gas absorbed, as compared with the 
density of oxygen, after subtraction of the “ titre” in these two experiments, as esti- 
mated from the equation 

S-jT-Tj). 


A- 


V-Vj 


(2) A= ^=0-88, 


against the theoretical value A=l. 

Those results depend in each case upon the successful performance of at least five 
independent experiments, each of which again depends npon various other observations. 
The successive performance of these numerous experiments without any considerable 
error or mistake is truly difficult, and we need not be surprised if a certain divergence 
appears between the actu’al and the theoretical result. 


The various experiments recorded in the three preceding sections constitute a body of 
exact information as to the chemical properties of ozone, through which it may be 
hoped that this important question 'will be finally removed from the domain of arbitrary 
speculation and brought within the precincts of science. It only remains to consider 
the bearing which these facts have upon the theory of the subject. 

We may first remark that in the total system of cxpci’Lmcnts no evidence ivhatever is 


afforded of the existence in the electrized gas of any other “ simple w'cight” than the 
‘‘simple weight * and the hypothesis of Andrews and Tait as to the decomposition 
of oxygen by the electric discharge has no support in facts. I shall therefore assume 
the unit of ozone to be constituted of some number of these “ simple w’eights;” and as a 
* Philosophical Tiamactions, 1886, pp. 792, 805, SIO ; I. Ohem. Soc. 13CS, yoJ. vi. p. 3G7. 
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dimimition of volume occurs when the oxygen is submitted to the action of electricity, 
I shall further assume that (the unit of oxygen being symbolized as ozone is some 
denser form of oxygen, to which the symbol I®’*'" (where w is a positive integer) is to be 
assigned. Writing also [|] as the symbol of that “ simple weight” | which is transferred 
to the oxidized substance in the various oxidations effected by ozone, the result of the 
total system of experiments, of which an account has here been given, may be expressed, 
so far as regards the distribution of the matter of the unit of ozone in those reactions, 
by the general equation 


(p + (p(2 + w) 

where jp, q, n are positive integers, the number of units of ozone which are effective 
in the reaction, q the number of units of oxygen formed, and jp(2+w)-|-g’% the number 
of the “ simple weights” [|] transferred. 

We have, then, putting T as the “titre” of the gas, V— as the contraction, S as 
the oxidation, and R=:Xl^ and since 

JL X Jj 


•n_. % 


p[2 + n)+qn 

[p + q)n 




Considering the preceding experiments we have four cases brought before us. 

Case I. 11=0, f=l, 

jp =0 ; the equation becomes 

In this case no diminution occurs in the volume of the gas. Examples of this case 
are afforded in the various experiments given in Section 11., — namely, the oxidation of 
neutral iodide of potassium, the oxidation of the protochloride and protosulphate of iron, 
and other similar phenomena. These experiments throw no light whatever on the 
value of w, and any assumption as to this value based upon them is purely speculative 
and conjectural. 

Case II. B.=l, r=2, 

J3(2~w)=5'W. 

Examples of this class are supplied in Section III. ; such are the oxidation of hydriodic 
acid, the oxidation of the strongly alkaline solution of hyposulphite of soda and of the 
pentasulphide of barium. 

We may here make two hypotheses as to the value of 

Hypothesis (1) %=1,^=£, whence 

2r=r4-4[g; 

Hypothesis (2) w=2, ^=0, whence 

r=4[i]. 

According to hypothesis (1) the density of ozone is once and a half that of oxygen ; 
mdccolxxti. , ^ 
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according to hypothesis (2) the density of ozone is twice that of oxygen. The experi- 
ments are perfectly consistent with either of these two assumptions, and both hypotheses 
are equally tenable, 

CaseHL E=|, r=t, 

jP( 4— 3w)=3^». 

The experiments with hydriodic acid at zero, and also the experiments with hydro- 
sulphide of sodium, given in Section III., are to be referred to this case; only one 
hypothesis is possible : 

Hypothesis, %=1, whence 

4r=f-hio[g. 

Case ly. E=2, r=3, 

The experiments comprised in Section IV. (namely, the oxidation of neutral and 
slightly alkaline solutions of hyposulphite of soda, the oxidation of oil of turpentine 
and of protochloride bf tin) are examples of this class. 

But one hypothesis is possible : 

Hypothesis, ?i=l, ^=0 ; whence 

r=3[g. 

The hypothesis, therefore, that the unit of ozone is constituted of three “ simple 
weights ” I is both necessary and sufScient for the explanation of the total system of 
phenomena, and no other hypothesis of this order is tenable. 
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XVIII. Experiments on the Directive Power of large Steel Magnets, of Bars of magnetized 
Soft Iron, and of Galvanic Coils, in tlmr Action on external small Magnets, By 
Geoege Biddell Aiey, Astronomer Boyal, C.B., P.B.S. — With Appendix, containing 
an Investigation of the Attraction of a Galvanic Coil on a small Magnetic Mass. 
By James Stuaet, Bsg., M.A., Fellow of Trinity College, Cambridge. 
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The only experiments with which I am acquainted tending to throw light upon the 
distribution of magnetic power in the different parts of a steel magnet are some very 
imperfect ones by Coulomb in the French Memoirs for 1789 and other years. It 
appeared to me that it might be desirable to make experiments of a rather more exten- 
sive character, and to add some measures of the magnetic effect of galvanic currents, 
both directly by their immediate action, and indirectly by the amount of magnetic power 
which they produce inductively in soft iron. 

For the measure of permanent magnetism I selected a bar magnet 14 inches long, 
1*4 inch broad, 0'S6 inch thick; it has not been touched by a magnet for several years, 
and is likely to be in a state of very permanent magnetism. For the galvanic currents 
a cylindrical coil was used 13’4 inches long, 1*4 inch in external diameter, and about 
0'9 inch in internal diameter ; it has, I believe, four layers of wire, each layer having 
•160 revolutions of the wire. The battery used with it consisted of three cells, with 
sulphuric acid diluted in the proportion of 1 to 6 ; the plates were of zinc and graphite, 
each exposing on each side about 8 square inches ; the circuit was always completed 
about half an hour before the experiments were begun, and a delicate galvanometer was 
placed in circuit by which the steadiness of the current was established. A core of iron 
0*8 inch in diameter and of the same length as the coil, removable at pleasure, fits well 
in the inside of the coil ; the iron is quite soft, and can with ease be entirely freed from 
any subpermanent magnetism. 

The first step in the experiment was to neutralize terrestrial magnetism within the 
area of magnetic experiment. For this purpose two powerful 2-feet magnets were 
placed below the table on which .tlie experiments 'were made, with their red or north- 
seeldng ends directed to the magnetic north, at a distance (determined by trial) such 
that the experimental compass was sensibly uninfluenced by terrestrial magnetism. It is 
possible that some small residual magnetism was perceptible in the comparison tvith the 
feeble galvanic action, but none could be certainly discovered in the other experiments. 

The compass used for register of the magnetic action is a small and very lively pockeib- 
■ compass, with needle 1-0 inch long, not loaded with a card. The box of this compass 

Su*? 
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*s circular, and wlien positions had been selected for the centre of the compass (as will 
be mentioned), a circle somewhat larger than the compass-box was described in pencil 
with each of those positions for centre ; and the compass could then be planted with its 
centre very accurately placed above the intended point. 

The compass-positions were thus prepared : — Upon a sheet of strong paper the plan 
of the magnet, 14 inches by 1*4 inch, was laid down. On each side were drawn two 
paraEel lines of the same length as the magnet, at distances respectively 1*5 inch and 
3*0 inches from the near edge of the magnet ; these lines were divided each into ten 
equal parts, and thus in each line eleven points were obtained at intervals of 1*4 inch. 
From each of the four angles of the magnet as centre, two quadrants were swept — 
one with radius at 1*5 inch, at whose extremity and bisection points were taken for the 
compass-centre ; and one with radius 3*0 inches, which was twice bisected, and of which 
the extreme point and the three bisection-points were taken for the compass-centre. 
These points were used for the magnet both with its edge and with its flat side towards 
the compass. A similar process was adopted in using the galvanic coil, with this difier- 
ence only, that the longitudinal separation of the points taken for compass-centre was 
only 1*34 inch. 

A solid piece of wood was provided, in which was cut a concave channel, less than 
half a cylinder, such that when the galvanic coil, or the large magnet with its flat side 
towards the compass, was laid in the channel, its axis was sensibly at the same height as 
the needle of the small compass. With the magnet’s edge towards the compass, that 
condition was sufficiently secured by merely haying its flat side upon the board. The 
paper with station-points, being laid in proper position upon the board and secured by 
nails, was cut along the middle of the channel and crosswise at its ends, so that it could 
be bent down into the channel to permit the magnet or coil to take its proper position ; 
when observations were finished, the paper was detached from the board, and the edges 
which had been cut were re-united by cementing a piece of paper behind. 

The observation (as will be seen) consisted, in every case, of observation of the direction 
taken by the small needle. And this observation was made solely by the eye. The 
observer, looking endways of the small needle, made two pencil dots upon the paper, 
corresponding to the line of the needle-axis produced as it appeared to his eye. If, from 
erroneous position of the eye, a parallactic error is produced in the position of the two 
pencil dots, this error is detected as soon as the compass has been removed and an 
attempt has been made to draw a line of direction through the station-point of the 
compass ; and, to correct it, all that is required is, to draw through the station-point a 

line paraEel to the line joining the two dota The whole of this operation is extremely 
accurate. ^ 

For measuring the intensity of the magnetic force exerted on the compass-needle, I 
determined, after considemtion, to adopt the statical method ; that is, to place a constant 
magnet in a definite position above the compass-needle, with its magnetic axis transversal 
to the direction which the compass-needle had taken before the constant magnet w^s 
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introduced, and to observe the deflection produced. The measure of the force of the 
large magnet was then the cotangent of the angle of deviation. The observation of the 
deflected needle by dots &c. was the same as before ; but the angle of deviation was 
never measured by degrees. Instead of that measure, a circle upon semitransparent 
paper was graduated by cotangents, and thus the measure of the force of the large 
magnet was read off at once. 

The arrangements in this state were confided to Mr. Caepentee, Assistant of the Hoyal 
Observatory, by whom all the subsequent arrangements were planned and all the obser- 
vations were made. I need not say that they were made with the utmost skill and 
delicacy. 

A small frame was constructed, carrying a floor at a definite position about 1*8 inch 
above the compass-needle. As it was my object to make the observations at small 
distances from the great magnet, where its power is great, it was necessary to use a 
large power in the deflecting magnet. Mr. Caepentee selected a horse-shoe magnet 
about 4 inches long, consisting of sixteen plates, each 0*06 inch thick; these were 
retouched a few days before they were used. From the consistency of the results 
obtained at the beginning and end of each circuit of the great magnet, I am entitled to 
conclude that no sensible change took place in the magnetism of the horse-shoe magnet. 
The magnet was placed in a vertical position, its two poles resting on the raised floor 
above mentioned. In all cases the deflecting magnet was used in the two positions to 
produce deflection right and deflection left. 

These arrangements sufficed for observation of the powers of the great magnet in both 
positions, and also for observation of the galvanic coil carrying the soft iron core, the 
intensity of the battery having been in some measure adjusted to make the power of the 
coil with core not very different from that of the magnet. But when the coil was used 
without core, the force was so enormously reduced that the arrangement which applied 
well in the other cases failed totally in this. A small magnet was then used, 1*26 inch 
long, not very strongly magnetized ; its deflecting power was compared with that of the 
horse-shoe magnet in the following way : — ^The small compass being under the influence 
of the (garth’s magnetism, the horse-shoe magnet and the small magnet were successively 
placed on the raised floor above mentioned, then 0-5 inch higher, then 1*0 inch higher, 
and the cotangents of deflection were compared. Thus the following proportions were 
obtained : — 


Magnets upon the raised floor . . . ^ . 

Magnets 0*6 inch above the raised floor . 
Magnets 1*0 inch above the raised floor . 


power of small magnet ^ 

power ol liorso-shoc magnet ^ 

power of small magnet ^ 

power otTiors(;-slioe magnet 

power of_^inall magnet ^ 

power of horse-slioc magnet ^^5* 


With so great inequality the results are necessarily irregular. I use as the pro- 
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portion for comparison, •without asserting that it is accurate. All results obtained for 
the coil without core ought therefore to be divided by 120, to make them comparable 
with the other results. 

The results obtained for the direction of magnetical force now consisted of lines drawn 
upon paper. Upon examining these, some very small irregularities were found — gene- 
rally of systematic character, partly arising from minute failure in the neutralization of 
terrestrial magnetism, partly fi-om a difference in the intensity of the poles of the great 
magnet ; these were eliminated by the following graphical process : — ^The paper was 
bent upon its longitudinal axis, and exposed to a strong light passing through the two 
folds of paper; the lines drawn upon both sides of the magnet or coil were visible, and 
a mean line bisecting the small angle between each pair was easily drawn. Then the 
paper was unfolded and was bent upon its transversal axis, and a similar operation was 
performed upon the mean lines mentioned above. Thus for one fourth part of the cir- 
cumference of the magnet a series of lines was obtained representing the mean of the 
four parts; these mean lines, repeated for the four divisions of the magnet’s or coil’s 
circumference, are alone used in further graphical deductions and in the subjoined 
figure. 

The results, however, for magnitude of force were obtained in numbers. The means 
of these were taken in an analogous order— fiirst taking the sums of those on opposite 
sides of the magnet or coil, then taking the sums of the last-found sums for opposite ends. 
The division by 4 was omitted ; and thus the numbers in the Table below give the value 
of 400 X cotangent of deviation. At two stations the proximity of the coil-terminals 
made it difficult to obtain actual observations ; but there was no difficulty in supplying 
them conjecturally, with great confidence in their accuracy. 

The diagram below was drawn carefully to represent the positions taken by the small 
magnet when the edge of the large magnet is presented to the small magnet. The same 
diagram will serve, almost without perceptible cjTor, for the case when the flat side of 
the large magnet is presented to the small magnet, or for the case of a galvanic coil 



molosing an iron core ; but it wffl not apply to the case of a galvanic coil without an 
iron core: for that case the axis of the small magnet in the positions numbered 36, 6, 
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12, 46, and all to the right of it must be directed almost exactly to the centre of the 
right-hand end of the magnet, and a similar direction must be made at 65, 27, 20, 64 
in respect of the left end, with corresponding changes for intermediate stations. 

The angles of position were never measured, but they are fully taken into account in 
the subsequent resolution of forces into longitudinal and transversal components. 

The following Table exhibits the total force at each station, as ascertained by the 
operations described above. It will be remembered that the numbers for the “ Galvanic 
coil with iron core” are not necessarily on the same scale as those for the “Large 
magnet,” and that the numbers for the “ Galvanic coil without core” must be divided 
by 120 to make them comparable with those for the “ Galvanic coil with iron core.” 


Total force acting on the small magnet at each station. 


No. of Station. 

Lai’ge magnet; 
presenting its 
■ edge. 

Large magnet 
presenting its 
flat side. 

Q-alvanic 
coil with 
iron core* 

OalTOnio 
coil without 
core. 

1 

16 


274 

250 

310 

216 

2 

15 

17 

30 

326 

293 

330 

240 

3 

14 

18 

29 

408 

363 

413 

333 

4 

13 

19 

28 

566 

480 

615 

550 

5 

12 

20 

27 

678 

642 

6.34 

1000 

6 

11 

21 

26 

622 

480 

585 

1470 

7 

10 

22 

25 

513 

454 

565 

1925 

8 

9 

23 

24 

600 

584 

840 

2700 

31 

50 


160 

160 

164 

184 

32 

49 

61 

68 

163 

165 

180 

193 

33 

48 

62 

67 

191 

183 

195 

225 

34 

47 

53 

66 

224 

200 

221 

305 

35 

46 

54 

65 

235 

217 

227 

400 

36 

45 

65 

64 

211 • 

197 

216 

427 

37 

44 

56 

63 

193 

180 

200 

444: 

38 

43 

57 

62 

175 

173 

195 

485 

39 

42 

58 

61 

181 

177 

208 

583 

40 

41 

69 

60 

201 

193 

227 

690 


Perhaps the following points are worthy of present notice : — 

1. Hemarking that, in the experiment in which the edge of the large magnet is pre- 
sented to the small magnet, the distance of the small magnet is in each circuit the same 
at every station, it will be seen that the greatest directive force is not longitudinal at the 
end of the magnet, but transversal, at about part (or probably less) of the length 
from the end of the magnet. There is, however, a diminution and then an increase in 
proceeding from either of these positions to the other, and the directive force opposite 
the middle of the magnet’s length is less than either of them ; so that, in making the 
entire circuit of the magnet, there are six maxima and six minima. 

2. When the flat side is presented to the small magnets, the same statement holds 
for the outer circuit, but not for the inner circuit. 

3. With increase of distance, the diminution of force is much more rapid at. the end 
than at the side of the large magnet. 
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4. The law of effect of a soft iron bar surrounded by a galvanic coil differs, but not 
greatly, from that of the large magnet presenting its edge. It would seem not impro- 
bable that this may depend partly on the effect of the coil which incloses the iron bar; 
and, if so, the law for a soft iron bar approaches still more to that of a magnet. 

6. The exhibition of the effect of the magnetic coil alone is worthy of careful exami- 
nation. The first thing which will strike the eye is the astounding increase of power 
produced by the insertion of the soft-iron core. At the sides of the magnet, where the 
measures of force for the coil alone are 1’5 and 1*8, those for the coil with core inclosed 
are 164*0 and 310*0; at the ends, where the coil alone gives 6*75 and 22*5, the coil 
with core included gives 227*0 and 840*0. 

6. The law of magnitude of forces for the coil alone differs greatly from that of a 

steel magnet. In the inner circuit the proportion of the force at the end to force at 
the middle of length is, for the steel magnet , for the coil outer circuit 

they are and fff . 

7. Still more remarkable is the difference in the law of direction of the forces near 


the ends. Using the term “ pole” to denote that point near the extremity to which the 
directions of forces rudely converge, the pole of the steel magnet is within the magnet, 
and distant from the end by about of the magnet’s length ; but the pole of the 
galvanic coil is absolutely at its end ; indeed some of the experimental directions of 
force fall a little beyond the end. 

It is evident, fi:om the remarks of Nos, 6 and 7, that a magnet cannot in any wise be 
represented as a system of revolving galvanic currents, with an equal number of circuits 
at every part of its length. 

With the view of presenting the results in the form which may probably be found 
most advantageous for comparison with the conclusions from any future theory, I have 
resolved the forces into rectangular directions, parallel and transversal to the axis of 


each magnet, by tlie following graphical process. Upon each mean line of direction of 
force (ascertained as is described above) I have laid down the mean measure of the force 
(as found above), and upon this measure as hypotenuse I have constructed a right-angled 
triangle, the lengths of whose sides give the two forces. From the nature of the pre- 
ceding operatiojrs, it is only necessary t.o form these numbers for one quadrant of each 


magnet. The results are given in tlie following Tables. The centre of the laro-e 
magnet or coil is in every case the origin of coordinates of the external magnetic point 
on wliich the action of the large magnet &c. is estimated— the axis of the longitudinal 


ordinate being the axis of the magnet, and the axis of the transversal ordinate beirio- 
normal to it. The powers arc estimated as those of the red end of the large mac^net 

o D 


operating on a small external mass of red magnetism. It will be remembered that, for 


the galvanic coil without core, all the numbers must be divided by 120. 
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Large Bar Magnet. 


For attracted point. 

Edge towards small magnets. 

Flat side towards small magnets. 

Longitudinal 

Transversal 

Longitudinal 

Ibrce. 

Transversal 

Longitudinal 

Transversal 

ordinate. 

ordinate. 

force. 

force- 

force. 

0-0 

2*2 

-274 

0 

—250 

0 

1-4 

2‘2 

-283 

+ I6l 

—260 

+ 137 

2-8 

2*2 

-262 

+ 315 

-236 

+ 276 

4-2 

2-2 

-198 

+ 530 

-182 

+ 444 

5-6 

2-2 

— 56 

+ 678 

- 36 

+ 640 

7*0 

2*2 

+ 216 

+ 585 

+ 158 

+ 451 

8-08 

1«76 

+ 367 

+ 360 

+ 325 

+ 315 

8*6 

0-7 

+ 580 

+ 166 

+ 552 

+ 184 

0*0 

3-7 

— 160 

0 

-160 

0 

1-4 

3*7 

— 147 

+ 73 

-149 

+ 72 

2-8 

3-7 

— 127 

+ 142 

-123 

i-136 

4’2 

3-7 

— 88 

+205 

- 79 

+ 185 

5'6 

3-7 

- 19 

+ 235 

- 12 

+ 217 

7-0 

3*7 

+ 49 

+ 205 

+ 61 

+ 190 

8-13 

3‘5 

+ 95 

+ 167 

+ 92 

+ 154 

9-12 

2*8 

+ 129 

+ 122 

+ 124 

+ 118 

9-79 

1-84 

+ 159 

+ 88 

+ 157 

+ 82 

10-0 

0*7 

+ 199 

+ 42 

190 

“1“ 40 


Galvanic Coil. 


Por attruoted point. 

Coil ’vrith iron core. 

Coil -without core. 

Longitudinal 

oi’dinute. 

Transversal 

ordinate. 

Longitudinal 

force. 

Transversal 

force. 

Longitudinal . 
force. 

Transversal 

force. 

0-0 

2-26 

-310 

0 


216 


1 

0 

1-34 

■2’26 

-286 

+ 169 


240 

+ 

38 ! 

2-68 

2'26 

-252 

+327 

- 

315 

+ 

120 1 

4-02 

2'26 

-193 

+ 477 

i ____ 

450 

+ 


5-36 

2-26 

- 42 

+ 632 j 


550 

+ 

848 

6-7 

2’2G 

+ 162 

+ 562 I 


80 

_ 1 

1480 • 

7*78 

1-70 

-r380 

+ 420 1 

+ 

1010 

+ 

1630 : 

8-2 

0-74 

+ 790 

+ 296 1 

! 

1 

2480 

+ 

1170 ! 

0-0 

.'$•73 

-164 

0 

— 

134 


0 

.1-34 

3-73 

-162 

+ 82 

— 

189 

+ 

41 

2-68 

3*73 

— 124 

+ 149 

— 

200 


104 

4-02 

3*73 

— 88 

+201 


217 

+ 

212 

5-36 

3*73 

- 19 

+ 226 

— 

123 

+ 

383 

6-7 

3-73 

+ 39 

+214 

— 

57 

+ 

424 

7*83 

3*44 

+ 94 

+ 176 


100 

+ 

436 

8*82 

2*8 

+ 134 

+ 149 

+ 

264 

+ 

410 

9-49 

1*82 

+ 186 

+ 99 

+ 

475 

+ 

338 

9-7 

0*73 

+ 223 

+ 44 

+ 

668 

+ 

186 


It does not appear possible to infer from these numbers, by any direct analytical pro- 
cess, the law of distribution of magnetism in the bar. It must be done, I believe, 
syiitlietically, by assuming a law, and computing the forces which would result from 
tliat law, and then comparing these computed forces with the forces actually observed. 
Tlic only la^v which I have tjied is the supposition that the intensity of magnetism is 
MDCCCLXAll. . . 3 X 
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proportional to the distance from the centre of the magnet, which includes also the laws 
that there is a gradual increase of red magnetism from one end and a gradual increase of 
blue magnetism from the other end. Putting I for the half-length of the magnet, a and 1) 
for the longitudinal and transversal ordinates of the attracted point, x for the longi- 
tudinal ordinate (measured from the centre) of any attracting point, and supposing the 
magnet to he a line, it is easily seen that the quantities to be integrated are : — 


Longitudinal 


— a) 


Transversal 


—hx 


and the results of integration are : — 


Longitudinal force 


-f- hyp. log I'-};'. ; -1 



Transversal force 


—al—a^—h^ 


—al+a^+b^ 

6 {(/— 


I have computed these numbers for each of the eighteen stations. For comparison 
with observation, I have taken the experiments with the flat side towards the small 
magnets, which represents most nearly the case of a linear large magnet; and, for 
facility of comparison, I have multiplied the experimental numbers by 6. The fol- 
lowing is the comparison : — 


Experimenta], 

t 

Theoretical. 

Ijongitudinal. 

Transrersal. 

LongitudiDal. 

Tratisversal. 

—1500 

0 

-1849 

0 

—1560 

+ 832 

-3750 

— 1089 

— 1416 

+ 1656 

-1441 

—2113 

-1093 

+ 2664 

- 827 • 

—3928 

- 316 

+ 3240 

+ 155 

—3180 

+ 948 

+2706 

4-1126 

—2283 

-1-1960 

+ 1890 

+ 1589 

-1389 

-1-3313 

+ 1104 

+ 3395 

— 632 

- 960 

0 

-1029 

0 

.- 894 

+ 433 

- 971 

+ 517 

— 738 i 

+ 816 

- 776 

+ 960 

- 474 

+ 1110 

- 428 

+ 1367 

72 

; +1303 

- 3 

+ 1319 

-f 306 

+ 1140 

+ 335 

+ 1066 

-j- 553 

+ 934 

+ 409 

+ 801 

+ 730 

+ 708 

+ 668 

+ 633 

+ 943 

+ 493 

+ 805 

+ 380 

+ 1140 

+ 240 

+ 984 

+ 251 


The agreement is not satisfactory ; but I am unable to suggest the • nature of the 
change that ought to be made in the assumed law. 

I shall add only one remark, of a somewhat practical character. In a paper published 
originally by Dr. Lamont in Poggendoupp’s ‘ Annalen,’ vol. cxiii. p. 239 &c., and of which 
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a translation, by W. T. Liot, Esq., of the Royal Observatory, is printed in the Philo- 
sophical Magazine, 1861, November, Dr. Lamont inferred the proportion of the effects 
of different steel magnets from the proportion of the effects of different soft iron bars 
under the influence of induction. The remark No. 4 (above) goes far, I think, to justi:fy 
this assumption. 


Appendix. 

Remarldng the singularity of the experimental result as to the apparent localization 
of the attractive pole of a galvanic coil at the very extremity of the coil, I commenced 
an investigation of the theoretical attraction of a coil, on the laws of galvanic attraction 
usually received. On my mentioning the subject to my friend James Stuart, Esq., 
Fellow of Trinity College, Cambridge, he kindly undertook, at my request, to prepare 
a complete theoretical investigation. I am happy in being permitted by Mr. Stuart 
to place before the Royal Society his mathematical discussion of the attraction of the 
coil, which I am confident will be found to be very complete and of great elegance, I 
append to it a comparison of the numerical results of the theory with the numerical 
results of experiment ; and the agreement will be found to be so great as to justify 
entire confidence in the assumed law of galvanic action and the mathematical treatment 
of it, and a high estimate of the accuracy of the experimental observations. 


Investigation of the Attraction of a Galvanic Coil on a small Magnetic Mass. 
By James Stuart, M.A., Fellow of Trinity College, Cambridge. 

Received Jiily 26, — Eead December 5, 1872*. 


From investigations given by Ampere, we can deduce an expression for the potential 
U at an external point Q of a closed circular galvanic current carried by a wire of inde- 
finitely small section. Let a be the radius of the circle, let the distance of Q frojm C, 
the centre of the circle, be r, and let the line C Q make an angle & with the normal to 
the plane of the circle : then it can be shown that when r is less than a. 


U=:2or^ 


{■ 


■i+iP,' 


2 


^P.-f 


1.3 


w 


2.4 a 


S.P. 


. 1. 


and when r is greater than a, 

TT n 1. f t I 1.3.5 a® T3 , } 

XJ — 27r^ I y.2Ei“}"2 . 4* 2 .4 . 6* ’ 

* Abbreviated from the Appendix originally presented and read with tbe paper, 

3x2 
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’where Tc depends only on the intensity of the current, and ■where P,, Pg, Pg are defined 
by the equation 


1 

V' 1 — 2a? cos d +a?® 


=1+Pia7+P2^'*+P3^'H- 


If, therefore, X represents the resolved part, perpendicular to the plane of the circle 
and to'wards it, of the force exerted by the current on a unit of magnetism placed at Q, 
and if Y represent the resolved part of that force parallel to the plane of the circle and 
dhected from its centre outwards, then 



T .dh 


sin 0- 


dr 


cos 6, 


Y 



cos5-i 


dr 


sin d. 


To calculate these quantities, we know that 

Pj=cos0, 

P 2 =|- (cos® ^ — f cos ^), 

P 3 =\- (cos® 6—^ cos® d-l-y- cos $). 

We shall only consider the case of those points for which r is greater than a. Sub- 
stituting these values in the expression which in such instances holds for U, we have 

U— 2t^|— cosfl-j-j|.^(cos’’^— f cos^) 

— iif (cos® cos® cos D) 

+ . . . 

Prom which, after some reduction, we obtain 


1-(— -l-f 3cos®^)^+^. (9— 90 cos®^-{-105 cos^^)^ 

-Tk(-75+1675cos“«-4726 cos‘ 9+8465 cos'fl)^ 

+ ’ (1) 

^ . I+I cos ^ (-27 cos ^+105 cos“ fl) ^ 

+TiT (525 cos 3160 cos’ 3466 cos' 4) ^ 

. - }• • ■ ■ • (2) 

[ 

Each of these expressions consists of a series of terms in ascending powers of -, which 
will be converging. ^ 
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We shall now seek to find X and Y for a galvanic current traversing a wire coiled 
into the form of a hollow cylinder, of which the internal radius is 5, the external radius 
5-f c, and the length is 2f. We shall suppose the individual turns of the wire to lie so 
close as that each may be regarded as an exact circle. 




Let A B be the axis of the coil, so that A and B are the centres of its two faces ; then 
AB=2/‘. Let 0 be the middle iDoint of AB. Let P be the attracted point, PM its 
perpendicular distance from A B. Let P A P B M=|3. 

Let C be the centre of any turn of the wire regarded as a circle of radius a, CP=r, 
PCM=^, 00=ir; then it is readily seen that for the whole cylindrical bobbin the 
forces X, Y are given by 

— =1 I hdma, 

J-/> 


Y 


:j J Mdwday 


where L and M stand for the expressions on the right-hand side of (1) and (2) 
respectively, and where (jb depends on the strength of the current. 

To perform the integrations for the length of the bobbin in these expressions, we have 
the formulae 

. sin 

sin5=— r . 


and 






sm* 5 


sind 


Making these substitutions forSr and r, the integrals witli respect to x become integrals 
with respect to which can be easily evaluated by a continued application of the method 
of integi-ation by parts, the limits being from {}=a to <1— If w'e then integrate the 
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result thus obtained with respect to a, from the limit b to the limit S+c, we finally 
obtain 

T — - g 

^ — (cos^ — cosa)+(cos®^ — cos® a)} 


( — 9(cos3— cosc6)+33(cos®|3—cos®a) 

— 39(cos® cos® a) +16(cos7 13 _ cos^ a) } 

.&-fc— 75^cos^— cosa)+ 676(cos®|3— cos®a) • 
--159O(cos®0— cos®a)-|-2070(cos^j3-~ cos^a) 

— 129 5 (cos® cos® a)+ 315 (cos^^ ^ — cos^^ a)} 

• • • 

Y b-^c —5® , / • sn • 3 M 

“=--6^— {+Csm®^- sin® a)} 

{ — 12(sin® 0 — sin® a) -|- 15(sin^ /3 — sin^ a) } 


+ — |g^6^{-i~120(sin^j3— sin^a)— 420(sin®|3— sin®a)4-315 (sin“i3— sin” os)} 

+• 

These expressions for X and Y will be converging for all points situated at a greater 
distance than b'\-G from any point of the axis AB, inasmuch as they are composed by 
adding together corresponding terms of series which are then all convergent. Among 
other points, these expressions hold for such as are situated on the axis external to the 
bobbin, and not nearer A or B than by the distance {b-\~G). For such points, however, 
the expressions become illusory, assuming tho form J ; they may, however, be evaluated 
by the methods for the evaluation of vanishing fractions. Y is clearly zero. X may 
be more readily obtained directly from the expression for XT ; from that expression we 
find that for a single circular current the attraction on such points is 


Hence, in the case of a bobbin, if x be the distance of the attracted point from 0, the 
middle point of the axis of the bobbin, we have 

X , 15 \ 




b+c — 


+-Vo^z7.)4(i=7‘-^0 


“f“ » 

which gives X for points situated on the axis for which x is not less than {b^c-^f). 
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The expressions for forces which concern us now are those given by the general 
X Y 

formulse for and — . And a moment’s glance at these will show that they explain the 

apparent position of the pole at the very extremity of the coil : for, in order to ascer- 
tain the values of the forces in a plane at right angles to the axis passing through the 
extremity of the coil, we must make sin a=l, cos a—O ; and if the other end 

of the coil be very distant, ^ may be taken =0, sin 3=0, cos 3=1. . Substituting these 
values, it Will be seen at once that X, the longitudinal force, =0, while Y, the transversal 
force, has a value, which indicates a force directed to the extremity of the coil. 

In order to make a complete comparison, I have, for all the eighteen stations treated 
in the former Tables, taken the values of os, 3? and jp graphically. For 5 I have adopted 
0*45, and for b-\~G 0*7 ; these numbers correspond to the internal and external surfaces 
of the coil, but they appear to me best to represent (though doubtless with some inac- 
curacy) the quantities used in the theoretical investigation. Then I have (with the 
kind assistance of Edwin Dunkin, Esq., of the Eoyal Observatory) made the complete 
calculation of the formulae for every station. As the numbers first obtained were not 
immediately comparable, I have made them more nearly so by trebling the numbers 
given by theory and doubling those in the preceding Table. The results are as 
follows : — 


Longi- 

tudinal 

ordinate. 

Trans- 

vermil 

ordinate, 

ovp. 



Result of theoretical 
oiilcnlatioii. 

Theoretical result 
trebled. 

Experimental result 
doubled. 

X. 

Y. 

X. 

T. 

X. 

Y. 

0-0 

3*26 

_o / 

161 10 

o / 

18 40 

— 160 

0 

— 480 

0 

— 432 

0 

1*34 

2'26 

157 15 

16 40 

- 168 

+ 30 

— 504 

+ 90 

— 480 

+ 76 

3*68 

3*26 

151 0 

13 35 

— 308 

+ 82 

— 634 

+ 246 

— 630 

+ 240 

4-02 

2*26 

140 20 

11 35 

- 297 

+ 206 

— 891 

+ 618 

— 900 

+ 650 

5*36 

3*26 

121 55 

10 15 

— 364 

+503 

— 1062 

+ 1509 

— 1100 

+ 1696 

6-7 

2-26 

91 0 

9 30 

— 38 

+ 855 

- 114 

+ 2565 

— 160 

+ 2960 

7-78 

1*70 

68 25 

6 10 

+ 543 

+ 771 

+ 1629 

+ 2313 

+ 2020 

+3260 

8*3 

0-74 

38 0 

2 35 

+ 1417 

-f- 6B8 

+ 4251 

+ 2064 

+4960 

+2340 

0*0 

3-73 

151 0 

29 0 

— 124 

0 

- 373 

0 

- 368 

0 

1*34 

3'73 

145 30 

24 42 

— 128 

+ .32 

- 384 

+ 96 

— 378 

+ 83 

3-68 

3*73 

137 30 

31 SO 

- 139 

+ 77 

- 417 

+ 231 

— 400 

+ 208 

4’02 

3*73 

136 10 

18 67 

-- 150 

+ 148 

- 450 

+ 444 

- 434 

+ 434 

5-36 

3*73 

110 6 

16 58 

- 109 

+ 243 

— 327 

+ 729 

— 246 

+ 766 

6*7 

3*73 

91 0 

16 27 

- 20 

+ 295 

— 60 

+ 885 

— 114 

+ 848 

7*83 

3-44 

73 0 

13 2 

+ 80 

+ 308 

+ 240 

+ 924 

+ 200 

+ 873 

8*83 

2*8 

54 6 

10 0 

+ 179 

+281 

+ 537 

+ 843 

+ 528 

+ 820 

9*49 

1*83 

34 35 

6 10 

+ 318 

+223 

+ 954 

+ 669 

+ 950 

+ 676 

9*7 

0-73 

14 35 

2 5 

+ 456 

+ 120 

+ 1368 

+ 360 

+ 1336 

+ 372 


In spite of some discordances in the large, forces (which it was impossible to measure 
with accuracy), there is enough of agreement to show that confidence may be placed 
in the method of theoretically computing the attraction of the galvanic coil. 
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